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 Preface
Dur
ing
1981
, t
he
Sci
enc
e A
dvi
sor
y B
oar
d u
nde
rto
ok
an
eva
lua
tio
n o
f t
he
pot
ent
ial
imp
act
s t
hat
alt
ern
ati
ve
ene
rgy
fut
ure
s
in
Can
ada
and
the
Uni
ted
States could have on the Great Lakes basin ecosystem.
In
the
con
duc
t
of
thi
s
inv
est
iga
tio
n
the
Boa
rd
com
mis
sio
ned
the
stu
die
s
list
ed b
elow
whic
h we
re c
arri
ed o
ut u
nder
cont
ract
, or
by a
dvis
ors,
boar
d
mem
ber
s,
or
IJC
Reg
ion
al
Off
ice
sta
ff.
The
rep
ort
s
sub
mit
ted
on
tho
se
stu
die
s
are available in the Regional Office.
Thi
s
rep
ort
is
a s
umm
ary
of
the
ext
ens
ive
mat
eri
al
sub
mit
ted
by
the
var
iou
s c
ont
rib
uto
rs
and
pre
sen
ts
a p
rel
imi
nar
y o
ver
vie
w o
f e
ner
gy
rel
ate
d
iss
ues
fac
ing
the
Gre
at
Lak
es
bas
in
eco
sys
tem
.
It
is
by
no
mea
ns
a c
omp
let
e
or
exh
aus
tiv
e
ana
lys
is
of
the
pot
ent
ial
env
iro
nme
nta
l
or
hum
an
hea
lth
eff
ect
s
fro
m e
ner
gy
pro
duc
tio
n
and
use
and
the
ir
rel
eva
nce
to
the
Gre
at
Lak
es.
How
eve
r,
it
doe
s p
rov
ide
som
e n
ew
per
spe
cti
ves
to
the
iss
ues
and
exa
mpl
es
of
how
mor
e d
efi
nit
ive
ass
ess
men
ts
cou
ld
be
und
ert
ake
n.
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Summary and Recommendations
Whe
n t
he
Sci
enc
e A
dvi
sor
y B
oar
d w
as
com
ple
tin
g i
ts
rev
iew
of
the
aci
d r
ain
iss
ue
for
the
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
(Gr
eat
Lak
es
Sci
enc
e A
dvi
sor
y
Boa
rd,
197
9),
it
too
k n
ote
of
the
sub
sta
nti
al
con
tri
but
ion
tha
t t
he
ene
rgy
sec
tor
of
our
eco
nom
ies
was
mak
ing
to
aci
d f
all
out
.
The
acc
ide
nt
at
the
nuc
lea
r p
lan
t o
n T
hre
e M
ile
Isl
and
was
als
o f
res
h i
n o
ur
min
ds,
and
red
ire
cti
on
of
fed
era
l e
ner
gy
pol
ici
es
in
bot
h c
oun
tri
es
was
well
und
erw
ay.
In
thi
s c
ont
ext
,
the
Sci
enc
e A
dvi
sor
y B
oar
d d
eci
ded
to
exa
min
e t
he
env
iro
nme
nta
l i
mpl
ica
tio
ns
of
alt
ern
ati
ve
ene
rgy
fut
ure
s f
or
the
Gre
at
Lak
es
bas
in
eco
syt
em,
wit
h
spe
cia
l e
mph
asi
s o
n w
ate
r q
ual
ity
in
the
bou
nda
ry
wat
ers
bet
wee
n C
ana
da
and
the
Uni
ted
Sta
tes
.
Thi
s i
s a
rev
iew
of
the
imp
act
of
a
par
tic
ula
r s
ect
or
of
our
eco
nom
ies
,
rat
her
tha
n a
rev
iew
foc
uss
ed
on
spe
cif
ic
gro
ups
of
sub
sta
nce
s,
suc
h a
s h
aza
rdo
us
mat
eri
als
or
nut
rie
nts
, a
s h
as
frequently been the case in the past.
The
pot
ent
ial
sco
pe
of
suc
h a
rev
iew
is
eno
rmo
us.
Pol
ici
es
con
cer
nin
g
ene
rgy
cos
t,
type
, a
nd
ava
ila
bil
ity
aff
ect
the
sma
lle
st
hou
seh
old
, l
arg
e
cor
por
ati
ons
,
nat
ion
al
sec
uri
ty,
the
foo
d a
nd
tra
nsp
ort
ati
on
sec
tor
s o
f t
he
eco
nom
y,
and
a m
yri
ad
of
oth
er
iss
ues
acr
oss
the
con
tin
ent
and
bey
ond
.
Whi
le
it
has
bee
n
sti
mul
ati
ng
to
rev
iew
inf
orm
ati
on
of
suc
h
bre
adt
h,
the
Boa
rd
foc
uss
ed
on
par
tic
ula
r m
att
ers
of
imm
edi
ate
con
cer
n w
ith
in
the
pur
vie
w o
f t
he
Commission.
/
In
foc
uss
ing
on
the
Gre
at
Lak
es
bas
in,
we
exa
min
ed
tre
nds
in:
(i) total energy use;
(ii) technology mix to meet energy needs;
(iii
)
the
dis
cha
rge
fro
m f
aci
lit
ies
wit
hin
the
bas
in
to
land
, w
ate
r a
nd
air
of
was
te
heat
, t
oxi
c o
rga
nic
s,
hea
vy
met
als
, n
ucl
ear
was
tes
,
par
tic
ula
tes
,
SOX
,
N0X
and
org
ani
c
was
tes
fro
m
var
iou
s
ene
rgy
technologies;
xiii
  
(iv
)
th
e
in
fl
ue
nc
e
of
em
is
si
on
s
fr
om
ou
ts
id
e
th
e
ba
si
n
th
at
co
ul
d
af
fe
ct
the Great Lakes basin; and
(v)
po
te
nt
ia
l
ch
an
ge
s
in
wa
te
r
co
ns
um
pt
io
n
or
po
te
nt
ia
l
ex
po
rt
.
Ba
se
d
on
its
as
se
ss
me
nt
of
th
e
is
su
es
as
so
ci
at
ed
wi
th
en
er
gy
pr
od
uc
ti
on
and
use
in
th
e
Gr
ea
t
La
ke
s
ba
si
n
ec
os
ys
te
m,
th
e
Sc
ie
nc
e
Ad
vi
so
ry
Bo
ar
d
ma
ke
s
the following four recommendations:
I
Th
e
In
te
rn
at
io
na
l
Jo
in
t
Ca
mn
is
si
on
sh
ou
ld
re
"e
st
in
te
gr
at
ed
i n
fo
zm
ati
on
fro
m
th
e
Pa
rt
i e
s
re
ga
rd
i n
g
the
i I
pr
og
ra
m 5
fo
r
m a
ki
ng
m o
re
effective use of energy.
Wh
il
e
mo
st
ju
ri
sd
ic
ti
on
s
ha
ve
en
er
gy
co
ns
er
va
ti
on
pr
og
ra
ms
,
th
er
e
is
sti
ll
_
co
ns
id
er
ab
le
po
te
nt
ia
l
to
fu
rt
he
r
re
du
ce
de
ma
nd
.
In
co
mp
ar
is
on
wi
th
ma
ny
l
ot
he
r
de
ve
lo
pe
d
co
un
tr
ie
s,
th
e
pe
r
ca
pi
ta
en
er
gy
co
ns
um
pt
io
n
in
th
e
Un
it
ed
St
at
es
an
d
Ca
na
da
is
st
il
l
la
rg
e.
It
is
th
e
Bo
ar
d'
s
vi
ew
th
at
th
is
con
sum
pti
on
can
be
red
uce
d
wit
hou
t
a l
oss
in
qua
lit
y
of
lif
e.
Wh
il
e
th
er
e
are
ma
ny
te
ch
no
lo
gi
ca
l
me
an
s
av
ai
la
bl
e
to
pe
rm
it
th
e
ac
hi
ev
em
en
t
of
co
ns
er
va
ti
on
go
al
s,
th
er
e
se
em
s
to
be
a
gr
ea
t
de
al
mo
re
sc
op
e
fo
r
th
e
us
e
of
fi
na
nc
ia
l
in
ce
nt
iv
es
to
en
co
ur
ag
e
ef
fi
ci
en
t
us
e
of
en
er
gy
th
ro
ug
h
su
ch
me
as
ur
es
as
mo
di
fi
ed
ra
te
st
ru
ct
ur
es
.
Co
ns
er
va
ti
on
of
fe
rs
a
re
la
ti
ve
ly
ra
pi
d
wa
y
fo
r
in
it
ia
ll
y
ho
ld
in
g
th
e
li
ne
on
en
er
gy
pr
od
uc
ti
on
im
pa
ct
s
on
th
e
Gr
ea
t
La
ke
s.
Th
is
sa
me
pr
og
ra
m
ca
n
al
so
ha
ve
a
be
ne
fi
ci
al
im
pa
ct
on
re
gi
on
s
ou
ts
id
e
th
e
Gr
ea
t
La
ke
s
ba
si
n,
be
ca
us
e
ma
ny
of
th
e
co
nt
am
in
an
ts
of
co
nc
er
n
ar
e
tr
an
sp
or
te
d
lo
ng
di
st
an
ce
s
in
th
e
at
mo
sp
he
re
.
It
mu
st
be
no
te
d,
ho
we
ve
r,
th
at
po
pu
la
ti
on
and
ec
on
om
ic
gr
ow
th
fa
ct
or
s
ma
y
no
t
re
su
lt
in
ne
t
im
pr
ov
em
en
t
ov
er
lo
ng
er
pe
ri
od
s
of
ti
me
,
ev
en
th
ou
gh
pe
r
ca
pi
ta
im
pr
ov
em
en
ts
ca
n
be
ac
hi
ev
ed
.
Fu
rt
he
rm
or
e,
we
mu
st
be
co
gn
iz
an
t
of
th
e
fa
ct
th
at
ne
w
po
ll
ut
io
n
co
nt
ro
l
te
ch
no
lo
gy
to
re
du
ce
em
is
si
on
s
of
po
ll
ut
an
ts
su
ch
as
su
lp
hu
r,
if
ap
pl
ie
d
to
ne
w
in
st
al
la
ti
on
s
fo
r
in
du
st
ri
al
or
en
er
gy
pr
od
uc
ti
on
fa
ci
li
ti
es
,
wil
l
re
su
lt
in
fa
r
les
s
ne
w
im
pa
ct
on
th
e
cu
rr
en
t
en
vi
ro
nm
en
ta
l
st
at
e
pe
r
ne
w
un
it
of
en
er
gy
us
ed
or
pr
od
uc
ed
th
an
pr
es
en
t
fa
ci
li
ti
es
op
er
at
in
g
wi
th
ou
t
th
at
te
ch
no
lo
gy
.
xiv
-
.
i
.
Exis
ting
prob
lems
must
be a
ddre
ssed
by m
easu
res
aime
d at
faci
liti
es
cur
ren
tly
ope
rat
ing
wit
h o
utd
ate
d p
oll
uti
on
con
tro
l t
ech
nol
ogy
.
Thu
s,
pot
ent
ial
ret
rof
itt
ing
or
fac
ili
ty
rep
lac
eme
nt
is
a m
ore
imp
ort
ant
mat
ter
for
the
aci
d r
ain
pro
ble
m o
r f
or
the
wid
esp
rea
d d
ist
rib
uti
on
of
lea
d
in
the
env
iro
nme
nt.
Als
o,
the
imp
act
of
ene
rgy
sou
rce
shi
fts
(oil
to
coal
, e
tc.
) f
or
a g
ive
n
lev
el
of
ene
rgy
dem
and
can
res
ult
in
a r
edu
cti
on
in
pol
lut
ion
onl
y i
f
the
ava
ila
ble
emi
ssi
on
con
tro
l
tec
hno
log
y i
s a
ppl
ied
.
Mor
e e
ffi
cie
nt
and
eff
ect
ive
use
of
ene
rgy
off
ers
bot
h t
he
opp
ort
uni
ty
to
deal
wit
h e
xis
tin
g p
rob
lem
s a
nd
pla
n f
or
the
fut
ure
wit
hou
t h
avi
ng
the
pro
ble
m
in
a s
tat
e o
f a
cce
ler
ati
on,
and
the
opp
ort
uni
ty
to
dem
ons
tra
te
a m
ore
res
pon
sib
le
app
roa
ch
to
eff
ect
ive
use
of
the
ene
rgy
res
our
ces
we
have
.
Thi
s r
eco
mme
nda
tio
n a
sks
tha
t o
ur
col
lec
tiv
e e
ffo
rts
be
mad
e m
ore
vis
ibl
e
for
com
par
iso
n a
nd
for
dev
elo
pme
nt
of
a c
ons
ist
ent
app
roa
ch
amo
ng
the
jur
isd
ict
ion
s j
ust
as
has
bee
n a
tte
mpt
ed
in
oth
er
pol
lut
ion
con
tro
l
technologies.
II
The
Int
ern
ati
ona
l J
oin
t C
anm
i ss
i on
sho
uld
enc
our
age
the
Par
tie
s t
o
dire
ct s
tudi
es f
or i
dent
ifyi
ng t
he e
nerg
y al
tern
ativ
es b
est
suit
ed t
o
achi
even
ent
of
ove
ral
l e
nvi
ron
n en
tal
qua
lit
y a
nd
to
prom
ote
the
developn ent and use of alternatives so identified.
The Board did not find much evidence of activity within jurisdictions
resp
onsi
ble
for
'ene
rgy
deci
sion
s'
affe
ctin
g th
e Gr
eat
Lake
s ba
sin,
that
woul
d
encourage the choice of alternatives that could be optimized for greater
overall benefit. It appears that decisions are being left to chance and to
market conditions, and that such decisions do not reflect the true cost of the
choi
ce.
The
Boar
d be
liev
es t
hat
ther
e ar
e st
ill
oppo
rtun
itie
s to
make
such
choices—-we are not in a forced position yet. The Board also believes that
ther
e is
as m
uch
to b
e ga
ined
in i
mpro
ved
Grea
t La
kes
wate
r qu
alit
y fo
r th
e
futu
re b
y pr
oper
choi
ce o
f th
e mo
des
of e
nerg
y pr
oduc
tion
and
use
as t
here
is
in applying control technology after the energy technology has been
established.
XV
 Agencies responsibTe for environmentaT protection coqu intervene in a
positive way to improve the environment, rather than have to act in a punitive
fashion 'after the fact'. The Board is recommending a positive infTuence at
the pTanning stage through wise seiection of energy sources, sites, and use.
III The International Joint Commission should encourage the Parties to
coordinate the planning and use of energy alternatives in the Great
Lakes basi n .
Pianning, buiTt upon existing knowTedge and the studies referred to in
Recomendation II, must be coordinated. If it was not evident a decade ago, it
is certain now that jurisdictions shouid not, perhaps even cannot, operate
independentiy. The choice that one jurisdiction makes wiTT affect what
another jurisdiction can do. Energy market prices, avaiTabiTity of materiais
or fueT, the transport and disposai of waste, exposure of popuiations and
their food to contaminants, and a range of other matters are inextricabTy
Tinked. It is aiso evident that current knowledge emphasizes the widespread
and cumuiative nature of the impact of singTe instaTTations.
Furthermore, the naturai environment in one jurisdiction can be radicaTTy
different in nature and vaTue from that in another. For exampTe, the societaT
importance of a jurisdiction's dependence on its Great Lakes shoreiine varies
considerabiy. The buffering capacity of the soil and surface water systems of
one jurisdiction can be radicaiiy different from another. A faciiity sited
'downstream' for one jurisdiction is 'upstream' from the next. These are 01d
principies made more acute by present conditions.
This recommendation urges the Commission to promote coordination of the
choice of energy options among the jurisdictions to avoid cost inequities or
reduce the negative impacts on the Great Lakes basin, thus optimizing siting
of facilities and sociai benefits.
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IV
The
Int
ern
ati
ona
l J
oin
t C
amn
iss
ion
is
ask
ed
to
enc
our
age
res
ear
ch
int
o s
our
ces
and
pat
hwa
ys
of
haz
ard
ous
sub
sta
nce
sand
ino
nit
ori
ng
to
eval
uate
whic
h ha
zard
ous
subs
tanc
eSIn
ay p
rodu
ce s
igni
fica
nt a
dver
se
environnental or health effects in order to facilitate the
ide
nti
fic
ati
on
of
the
nmp
act
s o
f e
xis
tin
g a
nd
fut
ure
ene
rgy
alternatives.
The
Scie
nce
Advi
sory
Boar
d,
in u
nder
taki
ng t
o re
view
the
issu
e of
the
env
iro
nme
nta
l i
mpa
ct
of
alt
ern
ati
ve
ene
rgy
fut
ure
s,
was
abl
e t
o a
cqu
ire
orde
r-of
-mag
nitu
de a
sses
smen
ts o
f se
vera
l a
lter
nati
ves
for
ener
gy p
rodu
ctio
n
in t
he G
reat
Lake
s ba
sin.
We a
re a
ble
to p
oint
to s
ever
al
outs
tand
ing
fea
tur
es
but
fin
d a
det
ail
ed
ana
lys
is
imp
rac
tic
al
for
sev
era
l r
eas
ons
, n
ame
ly:
(i)
ther
e ar
e ma
ny o
ptio
ns f
or s
ites
and
oper
atio
nal
char
acte
rist
ics
of
energy facilities;
(ii) the choice of energy options is extensive;
(iii
)
not
all
aspe
cts
of c
erta
in t
echn
olog
ies
have
been
demo
nstr
ated
; a
nd
(iv)
the
re
is
gen
era
lly
ina
deq
uat
e i
nfo
rma
tio
n o
r d
ata
on
the
imp
act
of
the emissions to air and water on the environment and on public
health.
Two Of the recommendations above, if followed, would put into place a
mechanism to address items (i), (ii) and (iii) on a regular basis and in the
appropriate level of detail. The Board's greatest concern is that there is
inadequate information on the impact of hazardous substances. Lacking this
information, important impacts may be overlooked or less significant impacts
over-emphasized.
The calculations carried out as part of this preliminary assessment
suggest that coal consumption is a very small part of the trace metals
problem. However, except for lead, for which there is clear evidence pointing
to gasoline emissions, major sources of trace metals are not well quantified.
There are no deposition estimates for mercury and arsenic. Thus, the relative
contribution from coal use is indeterminate. Furthermore, direct combustion
of coal or coal conversion results in emissions of organic compounds such as
xvii
  
   
phenols, arylamines, alkanes, mono— and polycyclic aromatic hydrocarbons, but
the degree to which the operation of the energy sector contributes to total
emissions of such compounds is not known. We lack hard data and adequate
understanding of the source and pathway of hazardous substances already
identified, much less for those that we might anticipate could be introduced
into the environment.
The list of imponderables is extensive. The transportation and permanent
disposal of radioactive spent fuel in a safe manner is a major problem. Safe
decommissioning of facilities is now a subject of concern. Conversion of
biomass to energy from both purposely-grown or waste material is not without
its adverse effects. Intensification of silviculture or agriculture with
attendant chemical use, increased water use as a result of monocultures, and
increased competition for the use of land between food and energy biomass
production are all potential problems. The list is a lengthy one.
This recommendation emphasizes the urgent need for much better information
to reduce the speculation and fears associated with concern for the impact of
decisions about our energy future as it affects the environment, human health
and related societal concerns in the Great Lakes basin. A systematic review
and prioritization of this research and surveillance must reflect assessment
of potential energy developments.
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I. Introduction
Dur
ing
1981
, t
he
Sci
enc
e A
dvi
sor
y B
oar
d u
nde
rto
ok
an
inv
est
iga
tio
n o
f
wat
er
qua
lit
y i
ssu
es
and
env
iro
nme
nta
l i
mpa
cts
ass
oci
ate
d w
ith
alt
ern
ati
ve
ene
rgy
sup
ply
and
dem
and
sce
nar
ios
des
cri
bed
for
the
pro
vin
ce
of
Ont
ari
o a
nd
the
eig
ht
U.S.
Gre
at
Lak
es
sta
tes
.
The
Boa
rd
als
o c
ons
ide
red
the
pol
icy
ins
tru
men
ts
ava
ila
ble
to
inf
lue
nce
the
ene
rgy
fut
ure
and
hen
ce
the
imp
act
on
Gre
at
Lak
es
wat
er
qua
lit
y.
Thi
s p
rel
imi
nar
y r
epo
rt
was
dev
elo
ped
to
pro
vid
e
inf
orm
ati
on
to
the
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
(IJC
) t
o f
orm
a b
asi
s f
or
its
adv
ice
to
the
Par
tie
s t
o t
he
Can
ada
/U.
S.
Gre
at
Lak
es
Wat
er
Qua
lit
y
Agr
eem
ent
of
197
8 o
n t
ran
sbo
und
ary
env
iro
nme
nta
l i
mpl
ica
tio
ns
of
ene
rgy
use.
PURPOSE
The
Boar
d se
t ou
t to
iden
tify
key
phys
ical
, bi
olog
ical
, a
nd,
to a
less
er
ext
ent
,
eco
nom
ic
and
soc
ial
con
seq
uen
ces
of
pos
sib
le
ene
rgy
fut
ure
s.
The
IJC
is i
n a
posi
tion
to i
nflu
ence
deci
sion
s of
memb
er g
over
nmen
ts t
hrou
gh t
he
tim
ely
pro
vis
ion
of
inf
orm
ati
on
and
rec
omm
end
ati
ons
.
Res
ide
nts
of
the
bas
in
hav
e
a p
rof
oun
d
sta
ke
in
an
eff
ect
ive
pol
icy
pro
ces
s
for
ene
rgy
dev
elo
pme
nt,
al
lo
ca
ti
on
,
and
use
.
De
ci
si
on
s
ma
de
wil
l
af
fe
ct
th
e
ec
on
om
ic
,
en
vi
ro
nm
en
ta
l
and social quality of life.
The
fol
low
ing
sub
sta
nti
ve
ass
ump
tio
ns
are
mad
e:
-
Pro
duc
tio
n
and
con
sum
pti
on
of
ene
rgy
are
maj
or
con
tri
but
ors
to
en
vi
ro
nm
en
ta
l
de
te
ri
or
at
io
n,
fr
om
re
so
ur
ce
ex
tr
ac
ti
on
,
th
ro
ug
h
pro
ces
sin
g,
tra
nsp
ort
ati
on,
sto
rag
e
and
use
,
to
dis
pos
iti
on
of
was
tes
ge
ne
ra
te
d.
En
er
gy
de
ve
lo
pm
en
t
wil
l
im
pa
ct
th
e
Gr
ea
t
La
ke
s
ba
si
n
ov
er
the next several decades.
-
Env
iro
nme
nta
l
pro
ble
ms
rel
ate
d
to
ene
rgy
pro
duc
tio
n
are
uni
que
in
de
gr
ee
,
not
in
ki
nd
.
Th
e
ba
si
c
ph
ys
ic
al
and
bi
ol
og
ic
al
re
la
ti
on
sh
ip
s
are
und
ers
too
d.
But
the
mag
nit
ude
of
bot
h a
tmo
sph
eri
c a
nd
wat
er
 residuals associated with energy production, processing, and
transport require that these polluting activities receive special
attention. Increasing reliance on coal, for example, may imply major
increases in atmospheric concentrations of 502 and acid rain.
Availability of water is an important component of most types of
energy development. The Great Lakes region clearly has a comparative
advantage in terms of this factor for energy production, processing,
and transport.
Various institutions (organizations, regulations, taxes and
subsidies) affect energy demand and supply in the basin. These
institutions can also become the leverage points, the instruments by
which member governments influence energy use.
It is the view of the Science Advisory Board that information can be
developed at a reasonable cost which could allow a better under-
standing of the consequences of alternative sets of decisions, both
for specific interests in Great Lakes water quality and the broader
scope of the Great Lakes basin ecosystem.
OBJECTIVES
The specific objectives of the Science Advisory Board in undertaking this
investigation of the potential environmental impacts of energy futures for the
basin were the following:
1.
To describe the present energy profile and institutional setting for
energy development in the Great Lakes basin.
To identify the major technical and strategic options by which
demands and supplies of energy can be controlled in the basin.
To identify the important generic consequences of the most relevant
supply and demand alternatives identified in (2).
_
.
W
.
H
t
w
‘
:
-
~
_
.
r
g
4
.
_
.
—
‘
_
_
w
.
4.
To
su
gg
es
t
th
e
ap
pr
oa
ch
an
d
de
si
gn
of
a
ca
lc
ul
at
io
na
l
fr
am
ew
or
k
3
(m
od
el
)
th
at
wi
ll
pe
rm
it
an
al
ys
is
of
ba
si
n-
sp
ec
if
ic
in
fo
rm
at
io
n
ab
ou
t
1*
li
ke
ly
en
er
gy
us
e
an
d
th
e
re
la
te
d
en
vi
ro
nm
en
ta
l
im
pa
ct
s.
“
5.
To
id
en
ti
fy
in
fo
rm
at
io
n
ga
ps
an
d
su
gg
es
t
re
se
ar
ch
di
re
ct
io
ns
.
EN
ER
GY
AS
A
PO
LI
CY
P
R
O
B
L
E
M
I
Th
er
e
is
no
si
ng
le
de
fi
ni
ti
on
of
th
e
"e
ne
rg
y
cr
is
is
".
Th
at
ph
ra
se
“
re
pr
es
en
ts
a
co
mp
le
x
ar
ra
y
of
fa
ct
s,
my
th
s,
be
li
ef
s,
an
d
pe
rs
pe
ct
iv
es
ab
ou
t
hu
ma
n
in
te
rr
el
at
io
ns
hi
ps
wi
th
te
ch
no
lo
gy
.
Th
er
e
is
at
le
as
t
so
me
el
em
en
t
of
ph
ys
ic
al
su
pp
ly
sh
or
ta
ge
in
wh
at
is
cu
rr
en
tl
y
ca
ll
ed
th
e
"e
ne
rg
y
cr
is
is
".
Pe
tr
ol
eu
m,
co
al
,
an
d
na
tu
ra
l
ga
s
ar
e
vi
rt
ua
ll
y
fi
xe
d
in
ph
ys
ic
al
qu
an
ti
ty
.
Ab
so
lu
te
qu
an
ti
ti
es
ar
e
si
mp
ly
no
t
su
bj
ec
t
to
ex
pa
ns
io
n.
By
mo
st
ac
co
un
ts
,
ho
we
ve
r,
re
se
rv
es
of
th
es
e
mi
ne
ra
l
fu
el
s
ar
e
su
ff
ic
ie
nt
to
su
st
ai
n
pr
ev
ai
li
ng
te
ch
no
lo
gi
es
fo
r
10
0
to
15
0
ye
ar
s,
as
su
mi
ng
a
1%
an
nu
al
gr
ow
th
in
de
ma
nd
.
Co
al
is
th
e
mo
st
pl
en
ti
fu
l,
wi
th
va
st
re
se
rv
es
to
me
et
ne
ed
s
fo
r
ap
pr
ox
im
at
el
y
40
0
ye
ar
s
in
th
e
U.
S.
an
d
Ca
na
da
.
 
«
1
‘
.
Mo
re
im
po
rt
an
t
th
an
ab
so
lu
te
su
pp
li
es
,
ho
we
ve
r,
ar
e
th
e
in
cr
ea
si
ng
do
ll
ar
an
d
en
vi
ro
nm
en
ta
l
co
st
s
as
so
ci
at
ed
wi
th
br
in
gi
ng
th
es
e
fu
el
s
to
a
po
in
t
of
‘
us
e.
Th
er
e
ar
e
pl
en
ty
of
fo
ss
il
fu
el
s,
bu
t
th
ey
ar
e
no
t
re
ad
il
y
av
ai
la
bl
e.
Co
ns
um
in
g
te
ch
no
lo
gi
es
we
re
de
ve
lo
pe
d
in
ti
me
s
of
gr
ea
te
r
av
ai
la
bi
li
ty
,
re
su
lt
in
g
in
a
si
tu
at
io
n
of
gr
ow
in
g
im
ba
la
nc
e
be
tw
ee
n
th
e
en
er
gy
-u
si
ng
te
ch
no
lo
gi
es
th
at
cr
ea
te
an
d
su
st
ai
n
th
e
pr
ev
ai
li
ng
li
fe
-s
ty
le
in
th
e
U.
S.
an
d
Ca
na
da
an
d
su
pp
li
es
of
fo
ss
il
fu
el
s
to
se
rv
ic
e
th
os
e
te
ch
no
lo
gi
es
.
Co
ns
um
pt
io
n
fi
gu
re
s
fo
r
19
79
in
di
ca
te
th
at
ne
ar
ly
ha
lf
(4
7%
)
is
fr
om
oi
l
an
d
li
qu
id
na
tu
ra
l
ga
s,
26
%
fr
om
na
tu
ra
l
ga
s,
an
d
19
%
fr
om
co
al
.
Re
se
rv
es
of
oi
l
an
d
na
tu
ra
l
ga
s
co
ns
ti
tu
te
ba
re
ly
7%
of
to
ta
l
re
se
rv
es
.
Sh
if
ti
ng
th
es
e
pr
op
or
ti
on
s
to
wa
rd
co
al
wo
ul
d
st
re
tc
h
kn
ow
n
re
se
rv
es
ev
en
fu
rt
he
r,
bu
t
th
e
 
limits remain.
 
    
 
  
The most visible aspect of the energy crisis has come in the form of
interrupted supplies of petroleum products imported from the Middle East.
Price impacts of this sudden decrease in supply have been felt throughout the
economy. Attention to finding alternative forms and supplies of energy was a
direct result of this institutional intervention in the market channels for
energy. Thus, the imbalance between technology and energy forms has been
exacerbated by political action.
Jimison (1980) characterizes the energy crisis as several interrelated,
mutually dependent sets of problems. Each implies a different perspective on
the issues, different sets of policy choices, and consequences that
reverberate far beyond the immediate problems of energy availability. First
is the national or regional security aspect of the energy crisis. The fact
that prevailing technologies in the U.S. and Canada depend on fuels that are
in short domestic supply means substantial dependence on the good will and
economic openness of other countries. Our ability to adjust in the short run
is limited by fixed investment in energy-using technology. Society has some
response to price, as in any trade situation. But to a large degree, society
is "hooked" on oil in the short run. Our dependence can significantly alter
the bargaining posture on non-energy issues.
Secondly, energy price and availability will affect the pattern of human
settlement in the U.S. and Canada. Where people live, with respect to each
other and with respect to the workplace, is influenced by the technologies of
mobility. There is a certain momentum to these settlement patterns.
Preferences once formed do not change quickly or easily even as energy prices
increase. Recent census data show a continued flight from urban centers to
non-metropolitan areas. Thus a key part of the energy crisis is the pattern
of location of human activity.
Environmental consequences of energy supply alternatives constitute a
third perspective on energy. Choices made to reduce dependence on outside
suppliers of relatively clean fuels have environmental and human health
implications.
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c
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c
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b
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b
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c
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c
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i
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c
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c
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b
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p
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c
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b
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c
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c
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h
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p
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c
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r
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u
r
c
e
s
.
 To understand environmental impacts of energy in the Great Lakes basin it
is necessary to view the production and use of energy from an ecosystem
perspective.
Ecosystems have identifiable boundaries in which energy and materials can
be measured and related to some unifying environmental factor. All ecosystems
are connected to each other, thus preserving the earth's stability.
Ecosystems are dynamic, living systems and disrupting an ecosystem in one
place or in one dimension can have unpredictable and sometimes undesirable
effects elsewhere. Organisms within ecosystems, whatever their complexity,
have limited ranges of tolerance. Ecosystems can be overloaded by various
types of stress. When environmental conditions exceed the tolerance limits or
carrying capacity of the ecosystem it can go out of control and change rates
are reinforced.
Organisms respond to stress within ecosystems in a number of ways: they
can move out of the ecosystem, they can wait out the period of stress in a
less active state, they can change their metabolism, or slowly adapt to new~
conditions. New acclimation can be dangerous. Many changes in pollution
levels occur so gradually that organisms may "tolerate" them. But with each
change, the organism comes closer to its limit of tolerance. This can occur
without having any "warning" signals. Suddenly a threshold is crossed that
triggers a harmful or even fatal effect. This is the scenario that replays
itself hundreds of times over in the acidification of lakes and the
disappearance of life in those lakes during a sudden storm or spring run off.
Once an ecosystem has passed the "threshold", humans are often confronted with
the "crisis—panic—regret" cycle. Acidification of lakes, destruction of a
fishery, contamination of babies with PCBs obtained from mother's who eat Lake
Michigan fish are all illustrative of this syndrome. People are part of the
system and the above description of organisms and their response to stresses
applies to human populations as well as to fish or algae.
There are numerous "ecosystem watchers" (Ward and Dubos, 1972, and Brown,
1978) who believe that man is in a unique position with respect to the
biosphere. They contend that man is standing at "the hinge of history" at a
point where the biosphere and the "technosphere" are out of balance such that
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2. Great Lakes Basin Energy Profile
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 TABLE 1
CRUDE PETROLEUM PRODUCTION IN 1976
IN THE GREAT LAKES STATES AND ONTARIOa
Production
Jurisdiction (1000 barrels)
Illinois 26,272
Indiana 4,630
Michigan 30,421
Minnesota 0
New York 857
Ohio 9,994
Pennsylvania 3,019
Wisconsin 0
Ontario 584a
75,777
  
“
a
.
r
-
.
.
,
_
_
_
A
Sources: aOntario data for 1978. U.S. Department of Interior,
1976 and Ontario Ministry of Energy, 1979.
TABLE 2
PET
ROL
EUM
REF
INI
NG
CAP
ACI
TY
IN
THE
GRE
AT
LAK
ES
STA
TES
AND
ONT
ARI
O
Refining Capacit
Jurisdiction ﬁbarrels per day;
Illinois 1,213,900
Indiana 604,443
Michigan 174,455
Minnesota 217,943
New York 140,900
Ohio 593,400
Pennsylvania 798,700
Wisconsin 40,000
Ontario 816 000
4,599,751
Sou
rce
s:
U.S
.
Dep
art
men
t o
f E
ner
gy,
“En
erg
y D
ata
Rep
ort
- P
etr
ole
um
Ref
ine
rie
s
in
the
Uni
ted
Sta
tes
",
198
0 a
nd
Ont
ari
o M
ini
str
y o
f E
ner
gy
1979
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di
an
sh
ip
me
nt
s
sl
ig
ht
ly
ex
ce
ed
the U.S. level (Keillor, 1980).
Th
e
tr
an
sp
or
t
of
cr
ud
e
and
re
fi
ne
d
pe
tr
ol
eu
m
pr
od
uc
ts
vi
a
ta
nk
er
s
and
ba
rg
es
on
th
e
Gr
ea
t
La
ke
s
pr
es
en
ts
a
ri
sk
of
oi
l
sp
il
ls
.
Th
e
Gr
ea
t
La
ke
s
ma
y
be
par
tic
ula
rly
vul
ner
abl
e
to
oil
pol
lut
ion
due
to
the
slo
w f
lus
hin
g
and
di
sp
er
sa
l
ra
te
s.
Co
ld
te
mp
er
at
ur
es
of
Gr
ea
t
La
ke
s
wa
te
rs
sl
ow
de
gr
ad
at
io
n
of
pet
rol
eum
com
pou
nds
and
pro
lon
g
the
res
ide
nce
tim
e.
Als
o,
the
cle
anu
p
of
wi
nt
er
ti
me
sp
il
ls
ca
n
be
ha
mp
er
ed
by
ic
e.
PA
H
an
d
ot
he
r
pe
tr
ol
eu
m
re
si
du
al
s
are
fou
nd
in
sed
ime
nts
of
tra
nsh
ipm
ent
and
ref
ine
ry
por
ts.
Oil
may
be
a
si
gn
if
ic
an
t
po
ll
ut
an
t
at
or
ne
ar
ha
rb
or
s.
Th
er
e
ha
s
be
en
a
la
ck
of
re
se
ar
ch
on
its
im
pa
ct
s
on
Gr
ea
t
La
ke
s
fa
un
a
and
th
er
e
ar
e
qu
es
ti
on
s
as
to
wh
et
he
r
in
cr
ea
se
d
pe
tr
ol
eu
m
co
nt
am
in
at
io
n
wi
ll
re
pr
es
en
t
an
ex
ce
ss
iv
e
bu
rd
en
to
an
already stressed system (Keillor, 1980).
Coal
Th
er
e
ar
e
so
me
de
po
si
ts
of
co
al
in
Mi
ch
ig
an
,
bu
t
th
es
e
ar
e
no
t
ex
pl
oi
te
d
at
pr
es
en
t
to
an
y
si
gn
if
ic
an
t
de
gr
ee
.
On
ta
ri
o
pr
od
uc
es
no
coa
l.
Th
e
coa
l
de
po
si
ts
in
th
e
re
gi
on
th
at
are
ma
jo
r
so
ur
ce
s
lie
ou
ts
id
e
th
e
Gr
ea
t
La
ke
s
dr
ai
na
ge
are
a.
Th
es
e
in
cl
ud
e
th
e
Il
li
no
is
and
Pe
nn
sy
lv
an
ia
coa
l
fi
el
ds
and
the
sti
ll
une
xpl
oit
ed
lig
nit
e d
epo
sit
s o
f N
ort
her
n O
nta
rio
.
On
ta
ri
o
ut
il
iz
ed
ov
er
17
mi
ll
io
n
to
nn
es
of
coa
l
in
19
79
and
th
e
Gr
ea
t
Lak
es
sta
tes
uti
liz
ed
alm
ost
280
mil
lio
n
ton
nes
.
The
maj
or
his
tor
ica
l
fe
at
ur
es
of
coa
l
ut
il
iz
at
io
n
in
th
e
Gr
ea
t
La
ke
s
re
gi
on
are
de
sc
ri
be
d
in
Cha
pte
r 4
.
Bri
efl
y,
ind
ust
ria
l
coa
l
con
sum
pti
on,
in
bot
h
the
Uni
ted
Sta
tes
an
d
Ca
na
da
,
ha
s
fa
ll
en
dr
am
at
ic
al
ly
si
nc
e
19
65
an
d
th
er
e
is
li
tt
le
ev
id
en
ce
of
a t
urn
aro
und
in
thi
s
tre
nd.
Ove
r
the
sam
e
tim
e
per
iod
,
ele
ctr
ic
uti
lit
y
co
ns
um
pt
io
n
of
co
al
ha
s
gr
ow
n
fa
st
er
th
an
th
e
de
cl
in
e
in
in
du
st
ri
al
us
e
in
both countries.
Uti
liz
ati
on
of
coa
l
in
the
Ont
ari
o
Hyd
ro
sys
tem
is
not
exp
ect
ed
to
in
cr
ea
se
mu
ch
ov
er
th
e
ne
xt
de
ca
de
.
Th
e
ma
jo
r
re
as
on
fo
r
th
is
is
th
e
in
cr
ea
se
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in
nuc
lea
r p
owe
r g
ene
rat
ing
cap
aci
ty
exp
ect
ed
by
Ont
ari
o H
ydr
o a
s t
he
Bru
ce,
Darl
ingt
on
and
Pick
erin
g st
atio
ns c
ome
on l
ine
duri
ng t
he 1
980'
s.
More
over
,
as
the
se
nuc
lea
r u
nit
s b
eco
me
ass
ign
ed
to
bas
elo
ad,
man
y o
f t
he
old
er
coal
-fir
ed s
tati
ons
will
be r
eleg
ated
to c
ycli
ng d
uty
to m
eet
inte
rmed
iate
load requirements.
Mos
t o
f t
he
bit
umi
nou
s c
oal
use
d b
y t
he
Can
adi
an
coal
bur
nin
g p
owe
r p
lan
ts
is
shi
ppe
d t
hro
ugh
the
Gre
at
Lak
es,
pri
mar
ily
thr
oug
h t
he
Ohi
o p
ort
s o
f
Ash
tab
ula
,
Tol
edo
and
Con
nea
ut
(U.
S.
EPA
, E
nvi
ron
men
tal
,
Ope
rat
ion
al,
198
0).
Onl
y t
he
Thu
nde
r B
ay
ext
ens
ion
and
Ati
kok
an
(no
t i
n t
he
Gre
at
Lak
es
bas
in)
are
des
ign
ed
to
use
Can
adi
an
coal
exc
lus
ive
ly
(br
oug
ht
by
uni
t t
rai
n f
rom
Sas
kat
che
wan
),
and
the
Nan
tic
oke
pla
nt
is
des
ign
ed
for
a 5
0/5
0
mix
of
Ame
ric
an
and
Can
adi
an
coal
.
All
oth
er
uni
ts
in
the
Ont
ari
o H
ydr
o s
yst
em
use
Uni
ted
Sta
tes
coa
l.
Tol
edo
,
Ohi
o
is
exp
ect
ed
to
con
tin
ue
to
be
the
maj
or
poi
nt
of
tra
nsh
ipm
ent
.
In
add
iti
on,
shi
pme
nts
of
low
sul
fur
wes
ter
n c
oal
,
shi
ppe
d
thr
oug
h
ter
min
als
on
Lak
e
Sup
eri
or,
are
exp
ect
ed
to
inc
rea
se
ove
r
the
nex
t
few
dec
ade
s.
Bot
h D
etr
oit
Edi
son
and
Nia
gar
a M
oha
wk
in
ups
tat
e N
ew
Yor
k a
re
likely utility destinations for such coal.
Uranium
Can
ada
has
abo
ut
one
-fi
fth
of
the
est
ima
ted
ura
niu
m
res
our
ces
(50
7,0
00
to
nn
es
)
of
th
e
we
st
er
n
wo
rl
d.
It
is
th
e
po
li
cy
of
On
ta
ri
o
and
Ca
na
da
to
res
erv
e
the
se
for
dom
est
ic
use
suc
h
tha
t
a p
lan
ned
Can
adi
an
rea
cto
r
wil
l
be
as
su
re
d
of
do
me
st
ic
su
pp
li
es
to
pr
ov
id
e
a
ca
pa
bi
li
ty
to
ru
n
at
80
%
ca
pa
ci
ty
for
30
yea
rs.
Ont
ari
o
Hyd
ro'
s
est
ima
ted
nee
d
of
20%
of
thi
s
sup
ply
com
es
en
ti
re
ly
fr
om
wi
th
in
th
e
pr
ov
in
ce
.
Mi
ne
s
are
lo
ca
te
d
wi
th
in
th
e
Gr
ea
t
La
ke
s
Bas
in
in
the
Ell
iot
Lak
e
are
a
(On
tar
io
Min
ist
ry
of
Ene
rgy
,
197
9).
Wi
th
th
e
ex
ce
pt
io
n
of
an
are
a,
out
of
th
e
ba
si
n,
in
ea
st
er
n
Pe
nn
sy
lv
an
ia
whi
ch
was
ide
nti
fie
d
by
the
U.S
.
Geo
log
ica
l
Sur
vey
(U.
S.
Dep
art
men
t
of
In
te
ri
or
,
19
76
)
as
co
nt
ai
ni
ng
re
se
rv
es
of
ur
an
iu
m,
th
e
Gr
ea
t
La
ke
s
st
at
es
lis
t
no
ura
niu
m.
Exp
lor
ati
on
has
bee
n u
nde
rwa
y i
n t
he
upp
er
Gre
at
Lak
es
sta
tes
of
Minnesota, Wisconsin and Michigan.
13
 The first nuclear generating station installed in the Great Lakes basin
was at Big Rock Point on Lake Michigan. The station which has a capacity of
72 megawatts (MWe) started producing electricity commercially in 1963.
Nuclear generating stations are situated on the shorelines of each of the
Great Lakes with the exception of Lake Superior. Currently the greatest
installed electrical generating capacity is on Lake Michigan but future
installations will take place mainly in the lower lakes. Detailed information
is provided in Chapter 5 on the number and location of nuclear stations. The
total installed electrical generating capacity has reached 14,807 MWe in the
Great Lakes basin. Current construction will increase this to 27,715 MWe by
1990, but long-term U.S. utilities' planning which was expected to add a
further 8,780 MWe by the end of the 20th century was cancelled during 1980.
Hydroelectricity
Conventional hydroelectric power production during 1979 was 2,750 MWe in
the U.S. portion of the Great Lakes basin and 3,175 MWe in the Canadian
portion. Chapter 5 provides details on the hydroelectric production in each
lake drainage basin. The hydroelectric plants on the St. Marys, Niagara and
St. Lawrence Rivers supply about 17% of the power generated in the Great Lakes
basin. Potential for new sources is generally low with that in the U.S.
amounting to 22.7% of present capacity while that of Canada is 29.4%.
While the source of hydroelectricity is renewable, the number of adequate
hydro sites is finite. There are but a few economically feasible conventional
hydro sites remaining in the Great Lakes basin, mostly on the Canadian side.
As described in Chapter 5, further Great Lakes hydro development could proceed
by such means as expansion at existing plants, new developments, using pumped
storage, and development of small scale/low head facilities.
Other Sources
Biomass
Biomass is estimated to be able to supply more than 5% of Canada's present
energy consumption (Science Council of Canada 1975). In the U.S., it is
14
 
basi
n va
ries
from
less
than
200
to m
ore
than
300
watt
s/sq
uare
metr
e an
d is
,
therefore, suitable for wind generation facilities (Kendall and Nadis, 1980).
Synfuels
Majo
r sy
nthe
tic
fuel
proj
ects
base
d on
coal
or o
il s
hale
are
not
like
ly t
o
be
loc
ate
d i
n t
he
Gre
at
Lak
es
bas
in.
It w
oul
d b
e t
ech
nol
ogi
cal
ly
pos
sib
le
for
synfuels plants to be located in the Great Lakes basin itself, with the coal
shi
ppe
d b
y u
nit
tra
in
or
slu
rry
pip
eli
ne,
in
the
man
ner
of
all
of
the
conventional coal-fired power plants already sited along the lake shores.
How
eve
r,
the
re
is
no
evi
den
ce
of
cur
ren
t i
ndu
str
y i
nte
res
t i
n s
uch
a s
iti
ng
mode. As far as oil shale is concerned, conversion plants will almost
certainly be constructed at the mine locations.
ENERGY CONSUMPTION
A comparison of relative energy consumption by primary source in the
Unit
ed S
tate
s,
the
Grea
t La
kes
stat
es,
Cana
da a
nd O
ntar
io
is p
rovi
ded
in T
able
3.
Preliminary estimates place the 1980 population of the eight Great Lakes
sta
tes
at
75
mil
lio
n -
app
rox
ima
tel
y 3
3%
of
the
tot
al
Uni
ted
Sta
tes
pop
ula
tio
n
of 2
26.5
mill
ion.
The
ener
gy u
se o
f th
e sa
me j
uris
dict
ions
tota
ls a
bout
26.8
3
x 10
18 J
or 3
2.5%
of a
ll e
nerg
y us
ed i
n th
e U.
S. d
urin
g 19
78 -
82.5
7 x
1018
J.
Can
ada
wit
h a
197
9 p
opu
lat
ion
of
23.
7 m
ill
ion
use
d 1
0.3
6 x
101
8 a
nd
Onta
rio
used
an e
stim
ated
2.63
x 10
18 J
with
a po
pula
tion
of 8
.26
mill
ion
in
1976.
Almost 48% of the coal used in the U.S. is burned in the Great Lakes
regi
on w
ith
part
icul
arly
heav
y re
lian
ce o
n it
in t
he S
tate
s of
Ohio
, I
ndia
na
and Pennsylvania. Illinois, Minnesota, Michigan and Wisconsin show greater
dep
end
enc
e o
n p
etr
ole
um.
New
Yor
k i
s h
eav
ily
dep
end
ent
upo
n p
etr
ole
um,
usi
ng
about 25% of the regional total. New York also uses the largest amount of
hyd
rop
owe
r a
nd
is
exc
eed
ed
in
nuc
lea
r o
nly
by
Pen
nsy
lva
nia
(be
for
e t
he
Thr
ee
Mile Island accident).
16
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TABLE 3
ANNUAL ENERGY CONSUMPTION
(1018 J0u1es)
Coa
]
Na
tu
ra
1
Ga
s
Pe
tr
o1
eu
m
Nu
c1
ea
r
Hy
dr
o
Ot
he
r
To
ta
]
Uni
ted
Sta
tes
a
14.
70
21.
09
40.
03
3.1
4
3.3
5
82.
57
G.
L.
St
at
es
a
7.
01
5.
64
12
.3
1
1.3
1
0.
49
26
.8
3
Ca
na
da
b
1.
02
1.
82
4.
07
0.
44
2.
66
0.
35
10
.3
6
On
ta
ri
oC
0.
45
0.
61
0.
99
0.
25
0.
31
0.
02
2.
63
 
So
ur
ce
s:
a
U.
S.
De
pa
rt
me
nt
of
En
er
gy
,
St
at
e
of
En
er
gy
Da
ta
,
19
80
(1
97
8
da
ta
)
b Nationa] Energy Board, 1981 (1980 data)
c
Po
rt
er
,
V0
1.
4,
19
80
(1
97
6
da
ta
)
TABLE 4
U.
S.
CO
NS
UM
PT
IO
N
OF
EN
ER
GY
BY
EN
D
US
E
SE
CT
OR
(1018 Jou1es)
 
Re
si
de
nt
ia
]
Co
mm
er
ci
a]
In
du
st
ri
a1
Tr
an
sp
or
ta
ti
on
To
ta
i
G.
L.
St
at
es
(8
)
6.
43
4.
61
9.
85
5.
94
26
.8
3
U.
S.
17
.2
2
13
.2
4
30
.3
0
21
.7
4
82
.5
0
Th
e
am
ou
nt
s
of
en
er
gy
us
ed
by
va
ri
ou
s
se
ct
or
s
in
th
e
Un
it
ed
St
at
es
ar
e
sh
ow
n
in
Ta
b1
e
4.
Th
e
pe
rc
en
ta
ge
of
en
er
gy
us
ed
fo
r
in
du
st
ri
a]
pu
rp
os
es
in
th
e
Gr
ea
t
La
ke
s
st
at
es
is
ab
ou
t
th
e
sa
me
as
in
th
e
U.
S.
as
a
wh
o1
e
--
36
%.
Ot
he
r
se
ct
or
s
ex
hi
bi
t
so
me
va
ri
at
io
n
fr
om
U.
S.
av
er
ag
es
wi
th
re
si
de
nt
ia
]
us
e
be
in
g
hi
gh
er
an
d
tr
an
sp
or
ta
ti
on
1o
we
r
in
co
mp
ar
is
on
.
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 TABLE 5
CHANGES IN U.S. ENERGY CONSUMPTION BY SECTOR BETWEEN 1973 AND 1978
 
Residential Commercial Industrial Transportation Electric
G.L. States (8) +2.5% +1.7% —4.2% +3.37: +15.5%
U.S. +4.6% +6.5% +0.2% +11.3% +17.6%
 
The 1973 embargo on oil shipments to the United States from the mid east
impacted all energy costs as well as producing attendant psychological factors
which sharply limited the growth trends of energy consumption. Overall
consumption in the Great Lakes region from 1973 to 1978 (the latest date for
which figures are available) showed marginal growth while U.S. growth was
limited to 4.8%. Variations in each of the intervening years are not used.
Table 5 identifies the changes in each sector.
The concentration of industrial energy use in three states, Indiana, Ohio
and Pennsylvania, makes them very energy intensive on a per capita basis.
Each state has more than 43% of its energy use in industry. In contrast, New
York is the least energy intensive per capita, dividing its energy use in
approximately equal amounts among residential, commercial and transportation
with industry consuming less than 20%.
Total energy consumption in Ontario in 1975 was divided almost equally
among the industrial (38%), transportation (28%) and residential and
commercial (34%) sectors (Porter, Vol. 4, 1980).
Most of the hydro power, all of the uranium fuel, and most of the coal
consumed in the basin are used to generate electricity. Table 6 presents a
breakdown of primary fuel and electrical generating capacity in the Great
Lakes region for 1979. Generation of electricity is a producer of ecosystem
stress and responsible for major loadings of residuals in the basin. An
18
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TABLE 6
PRIMARY FUEL AND ELECTRICAL GENERATING CAPACITY
IN THE GREAT LAKES STATES AND ONTARIO IN 1979
   
Megawatts Percentage
Pri
mar
y F
uel
U.S.
Can
ada
Tot
al
U.S.
Can
ada
Ave
rag
e
Natu
ral
Gas
1338
.2 +
585
=
1923
.2
2.5%
2.4%
2.5%
Hyd
ro
508
2.4
+
640
7
=
11,
489
.4
9.6
26.
2
17.
9
Oil
12,4
95.0
+
2232
=
14,7
27
23.5
9.1
16.3
Coa
l
23,
972
.8
+
933
7
=
33,
908
.8
45.
1
38.
6
41.
6
Ura
niu
m
9,4
40.
8 +
524
8
=
14,
688
.8
17.
8
21.
4
19.
6
Combustion
tur
bin
e
471
=
471
1.9
1.9
Unk
now
n
822
.0
+
=
1.5
Total Mw 52,151.2 + 24,489 = 77,640.2
 
Sou
rce
s:
U.S
.
Dep
art
men
t o
f E
ner
gy,
198
0 a
nd
Por
ter
,
Vol
. 4
, 1
980
.
ind
ica
tio
n o
f t
he
pri
mar
y f
uel
mix
use
d t
o g
ene
rat
e e
lec
tri
cit
y i
llu
str
ate
s
the
com
par
ati
ve
con
tri
but
ion
to
res
idu
als
mix
fro
m c
onv
ers
ion
and
use
.
In
1965
, n
ucl
ear
gen
era
tin
g p
lan
ts
beg
an
to
com
e o
n l
ine
and
sin
ce
tha
t t
ime,
the
mix
of
gen
era
tin
g f
uel
s h
as
shi
fte
d r
adi
cal
ly,
par
tic
ula
rly
in
Ont
ari
o.
Onta
rio
has
doub
led
its
cons
umpt
ion
of e
lect
rica
l e
nerg
y an
d ch
ange
d th
e
mix
of
pri
mar
y e
ner
gy
sou
rce
s u
sed
for
ele
ctr
ica
l g
ene
rat
ion
fro
m a
hea
vy
dep
end
enc
e o
n h
ydr
oel
ect
ric
gen
era
tio
n f
rom
63%
in
196
5 t
o i
ts
pre
sen
t
gen
era
tio
n o
f 2
6.5
% o
f
its
ele
ctr
ici
ty
fro
m h
ydr
o.
Ont
ari
o n
ow
dep
end
s o
n
coal
and
nucl
ear
for
almo
st 6
0% o
f th
e fu
el f
or e
lect
ric
powe
r ge
nera
tion
.
Ont
ari
o h
as
ins
tit
ute
d r
equ
ire
men
ts
for
coa
l w
ash
ing
pri
or
to
use
for
ele
ctr
ic
pow
er
gen
era
tio
n a
nd
pre
sen
t p
rac
tic
e i
s t
o m
ix
Ohi
o a
nd
App
ala
chi
an
19
 
  
coal with low sulfur western coal prior to use to reduce the sulfur
emissions. Location and capacity of present electrical generating plants is
show
n in
the
Appe
ndix
A.
The
prov
ince
anti
cipa
tes
that
addi
tion
al g
ener
atin
g
stations now under construction at Thunder Bay (2 units), Pickering (6 units
in 1980—81), Atikokan (2 units, 1984-88) and Darlington (4 units, 1987-90)
will be brought on line by 1990. Of these units those at Bruce, Pickering and
Darl
ingt
on w
ill
be n
ucle
ar,
with
the
rema
inde
r be
ing
coal
.
Onta
rio
impo
rts
some electricity from Quebec, Manitoba and the United States. Exports are to
the
Unit
ed S
tate
s, p
rima
rily
to N
ew Y
ork.
Tota
l e
lect
ric
gene
rati
ng c
apac
ity
(dependable) is 23,698 MW. Most major generating plants in Ontario are
loca
ted
in G
reat
Lake
s co
asta
l a
reas
.
It s
houl
d al
so b
e no
ted
that
transmission corridors take up significant amounts of land.
Ele
ctr
ica
l
gen
era
tin
g c
apa
cit
y i
n t
hos
e p
ort
ion
s o
f t
he
eig
ht
Gre
at
Lak
es
stat
es t
hat
are
in t
he B
asin
is c
alcu
late
d to
be 5
3,15
1.2
Mw.
This
repr
esen
ts
a m
ix
whi
ch
rel
ies
on
coal
for
abo
ut
48%
of
gen
era
tin
g c
apa
cit
y,
oil
for
abo
ut
24%,
uran
ium
for
18%
and
hydr
o fo
r 10
%.
This
mix
is q
uite
diff
eren
t fr
om
Onta
rio'
s wi
th m
uch
less
depe
nden
ce o
n hy
dro
and
much
more
on c
oal.
A li
stin
g
of a
ll U
.S.
gene
rati
ng p
lant
s in
the
Grea
t La
kes
Basi
n is
foun
d in
the
Appendix A. It is significant to note that the largest plants are located
either in the shorezone of one of the Great Lakes or on tributary streams due
to d
eman
ds f
or
cool
ing
wate
r an
d ef
flue
nt r
ecei
ving
stre
ams.
The
stat
es o
f
Ohio, Indiana, and Pennsylvania are heavily dependent on coal for electric
gene
rati
on.
Illi
nois
, M
inne
sota
, Mi
chig
an,
and
Wisc
onsi
n s
how
grea
ter
dependence on petroleum, with New York heavily dependent and using 25% of
regi
onal
tota
l.
New
York
is t
he h
ighe
st u
ser
of h
ydro
powe
r.
New
York
,
Minnesota, Michigan, Illinois and Pennsylvania (prior to Three Mile Island)
were
the
high
est
user
s of
nucl
ear
powe
r.
Ther
e ha
s be
en a
sign
ific
ant
slow-down in the permitting and construction of nuclear generating plants in
the
Grea
t La
kes
basi
n du
e in
part
to l
ower
ing
of d
eman
d an
d in
part
to t
he
Three Mile Island incident.
ENVIRONMENTAL IMPLICATIONS OF THE ENERGY PROFILE
Ther
e a
re a
wide
rang
e of
envi
ronm
enta
l i
mpac
ts p
ossi
ble
from
the
prod
ucti
on
and
use
of e
nerg
y,
Tabl
e 7.
Acid
prec
ipit
atio
n is
prob
ably
the
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TABLE 7
EN
VI
RO
NM
EN
TA
L
FA
CT
OR
S
RE
LA
TE
D
TO
EN
ER
GY
Environment Element Affected
AIR
WATER
LAND
Type of Impact
Chemical—physical
Radiological
Resource Use
Other
Chemical—physical
Radiological
Thermal
Chemical-physical
Radiological
Resource use
Pollutant
Carbon dioxide
Carbon monoxide
Sulfur oxides
Nitrogen oxides
Hydrocarbons
Photochemical smog
Particulates
Organics
Trace Metals
Noble gases
Particulates
Oxygen
Helium
Thermal inputs
Electromagnetic emissions
Noise
Oil Spills
Acid mine drainage
Trace metals
Tritium
Other effluents
Uranium milling wastes
Thermal inputs
Acid fall-out from air
Mineral fall-out from
cooling towers
Solid wastes
High-level wastes
Land subsidence
Strip mining of coal
Land use for power pro-
duction and transmission
Hydroelectric dams
Land use for cooling
ponds, sludge disposal
Storage for coal, etc.
Transportation facilities
 
So
ur
ce
:
Th
eo
do
re
and
Bu
on
ic
or
e,
198
0.
 
   
 
   
greatest concern at present. Acid precipitation is caused mainly by the
oxides of sulphur (SOX) and nitrogen (NOX) that are emitted from the
burning of coal and oil, from industrial processes, and automobile emissions.
Conventional power generating plants emit various other pollutants of concern,
Table 8, and are the largest single source of man-made SO2 emissions in the
U.S. - approximately two-thirds, totalling 16.9 million tonnes annually. This
compares to an estimated total of 0.6 million tonnes of $02 emissions from
the power generation in Canada. Ontario utilities account for less than 0.5
million tonnes of the total amount. The non-ferrous smelting sector accounts
for the largest SO2 emissions in Canada, 2.2 million tonnes or over 40
percent of the Canadian total. Smelting operations in the United States
acco
unt
for
2.5
mill
ion
tonn
es.
Onta
rio
acco
unts
for
abou
t ha
lf o
f th
e
Canadian smelting total, the major source being the nickel mining and smelting
complex in the Sudbury area. (U.S. - Canada Research Consultation Group,
1980).
About half of the nitrogen oxide emissions in North America are due to
transportation related sources. Power generation and other combustion sources
contribute the other half. In the U.S. power generation produces about
one-third of all nitrogen oxides or 6.2 million tonnes, compared with 0.2
million tonnes in Canada annually, reflecting the higher ratio of hydro and
nuclear power generation in Canada as compared to coal in the United States.
Nearly 20 percent of total Canadian N0X utility emissions or 0.05 million
tonnes, are produced by Ontario power generation (U.S. - Canada Research
Consultation Group, 1980).
The quantities of acid reaching the earth are quite small with each
rainfall. It is the cumulative long-term effects, as well as the "shock"
effects on aquatic life during spring runoff that are of concern. In areas
with alkaline soils or limestone deposits, such as the Great Lakes, total
annual loading of acid does not present a problem since the acid can be safely
neutralized for indefinite periods. Aquatic life in the shallower nearshore
spawning areas and tributary streams can be affected in the spring by the
"sho
ck"
load
ing
of a
cidi
c sn
ow a
s it
melt
s.
In a
reas
of P
reca
mbia
n ro
ck a
nd
little soil cover, which is the situation in the Adirondack Mountains, the
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TABLE 8
EMISSIONS AND EFFLUENTS FROM CONVENTIONAL POWER PLANTS
Emissions to Atmosphere
 
Wind action on coal storage and
handling
Wind action on limestone & waste
Waste vapor from grinding
Cleaned flue gas
Vacuum pump on steam condenser
Air and mist from cooling tower
Possible fugitive dust from area
Transients due to upsets, cleaning
Potential noise, odors
Effluents - Liquids and Solids
Rain runoff — coal, limestone,
and waste storage areas
Ash slurry
Slurry of waste from stack
gas cleanup
Sludge and chemicals from water
treating
Trace Elements
Leaching associated with disposal
of ash and limestone waste
Fate of volatile toxic elements in
coal feed
Emissions as gas and PM and POM
with stack gas
Potential Concerns
Dust, fire, odors
Dust
Dust H25
NOX, SOX, plume dispersion,
dust
Polynuclear Organic Material (POM)
Minor
Plume, mist deposition, trace
chemicals
Dust nuisance
Dust, smoke, fumes
Machinery, maintenance
Suspended and dissolved matter,
sediment
Groundwater contamination
Groundwater contamination and
land use
Minor
Soluble toxic elements
Contamination of local air, water
Health hazard
 
Source: U.S. EPA, Environmental, Operational, 1980.
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fr
om
ut
il
it
ie
s
lo
ca
te
d
lo
ng
di
st
an
ce
s
fr
om
th
e
Gr
ea
t
La
ke
s
ca
n
be
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ed
to
be
dep
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ted
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the
sur
fac
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of
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lak
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and
aff
ect
wat
er
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lit
y.
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a
re
su
lt
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is
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es
of
in
te
rn
at
io
na
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an
d
in
te
rr
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tu
re
co
ul
d
ar
is
e.
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wa
te
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th
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con
sum
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ex
is
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da
y
th
ro
ug
h
ev
ap
or
at
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3 . Energy Demand
In
bot
h t
he
Uni
ted
Sta
tes
and
in
Can
ada
low
er
ene
rgy
dem
and
fut
ure
s h
ave
be
gu
n
to
loo
k
mo
re
fe
as
ib
le
and
mo
re
li
ke
ly.
Si
nc
e
en
vi
ro
nm
en
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pa
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s
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n
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h
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ra
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th
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th
e
re
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e
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te
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ed
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lp
de
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de
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g
th
em
.
ME
TH
OD
OL
OG
IC
AL
ISS
UES
:
ES
TI
MA
TI
NG
FU
TU
RE
EN
ER
GY
DE
MA
ND
Bec
aus
e o
f m
ajo
r c
han
ges
in
the
eco
nom
ic,
pol
iti
cal
and
phy
sic
al
co
nd
it
io
ns
th
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ve
in
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ed
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an
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e
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tr
ad
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.
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a
re
su
lt
,
em
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as
is
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s
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te
d
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e
"t
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dow
n"
met
hod
s
(wh
ich
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olv
ed
est
ima
tin
g
fut
ure
ene
rgy
dem
and
on
the
bas
is
of
an
ass
ume
d
cor
rel
ati
on
bet
wee
n
tha
t
dem
and
and
cer
tai
n
mac
roe
con
omi
c
and
dem
ogr
aph
ic
var
iab
les
) t
o a
lte
rna
tiv
e
"bo
tto
m u
p"
for
eca
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ng
met
hod
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or
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a d
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det
erm
ina
nts
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ene
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dem
and
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The
y a
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ed
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n
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tha
t
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dem
and
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ene
rgy
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a d
eri
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and
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t
ene
rgy
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ued
, n
ot
for
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elf
, b
ut
for
the
wor
k
tha
t it
pro
vid
es.
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h a
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en
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e
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bui
ld
dem
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".
Suc
h a
n a
ppr
oac
h t
end
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nif
ica
ntl
y m
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pot
ent
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ene
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dow
n
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a m
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(L
ea
ch
et
a1,
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,
No
rg
ar
d,
19
79
,
and
Ro
bi
ns
on
33
31,
19
77
).
Spa
rke
d
by
the
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ogn
iti
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der
ive
d
in
par
t
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up
for
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t
th
e
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tu
re
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el
of
en
er
gy
de
ma
nd
is
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pa
rt
a
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li
cy
-d
et
er
mi
ne
d
va
ri
ab
le
,
a
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nu
mb
er
of
an
al
ys
ts
and
gr
ou
ps
ha
ve
de
ve
lo
pe
d
an
al
te
rn
at
iv
e
me
th
od
of
an
al
ys
in
g
fu
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re
en
er
gyd
em
an
ds
.
Ca
ll
ed
en
er
gy
"b
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kc
as
ti
ng
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in
or
de
r
to
di
st
in
gu
is
h
it
fr
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fo
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st
in
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th
e
me
th
od
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nt
ia
ll
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vo
lv
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se
tt
in
g,
on
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bas
is
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a d
eta
ile
d
end
-us
e
ana
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is,
goa
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for
ene
rgy
con
sum
pti
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a
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re
ye
ar
an
d
th
en
an
al
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in
g
ho
w
it
wo
ul
d
be
po
ss
ib
le
to
ge
t
to
th
at
fut
ure
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Unl
ike
for
eca
sti
ng,
bac
kca
sti
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is
not
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ed
to
pre
dic
t
lik
ely
fu
tu
re
s
bu
t
to
in
di
ca
te
th
e
fe
as
ib
il
it
y
an
d
po
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im
pl
ic
at
io
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of
al
te
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iv
e
demand futures.
Th
e
pr
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ar
y
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th
e
sh
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t
to
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en
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e
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ie
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at
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n
and
th
e
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e
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in
g
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e
1)
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at
th
er
e
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mu
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fl
ex
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wit
h
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pec
t
to
the
lev
el
of
fut
ure
ene
rgyd
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nd
tha
n
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vio
usl
y
tho
ugh
t
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,
2)
th
at
th
at
le
ve
l
wi
ll
de
pe
nd
to
a
la
rg
e
ex
te
nt
up
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th
e
en
er
gy
de
ma
nd
po
li
ci
es
in
st
it
ut
ed
by
va
ri
ou
s
le
ve
ls
of
go
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rn
me
nt
and
by
in
du
st
ry
.
In
tur
n,
th
is
su
gg
es
ts
th
at
to
so
me
de
gr
ee
a
ch
oi
ce
ca
n
be
ma
de
am
on
g
di
ff
er
en
t
en
er
gy
de
ma
nd
fu
tu
re
s
on
th
e
ba
si
s
of
th
ei
r
co
st
s,
de
si
ra
bi
li
ty
and
ex
pe
ct
ed
im
pa
ct
s.
Al
l
of
th
is
su
gg
es
ts
th
at
it
wo
ul
d
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si
ra
bl
e
to
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se
ss
th
e
vi
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il
it
y
and
po
te
nt
ia
l
im
pa
ct
s
of
al
te
rn
at
iv
e
en
er
gy
de
ma
nd
fu
tu
re
s
in
th
e
Gr
ea
t
La
ke
s
bas
in.
Suc
h
an
imp
act
ass
ess
men
t
cou
ld
ser
ve
as
an
inp
ut
to
the
ene
rgy
dec
isi
on-
mak
ing
pro
ces
s
and
as
the
bas
is
for
the
pla
nni
ng
of
rem
edi
al
act
ion
,
if
nec
ess
ary
.
Thi
s
sug
ges
ts
a n
eed
for
the
fol
low
ing
typ
es
of
dem
and
ana
lys
es:
1.
a “
bas
e
cas
e"
bot
tom
up
for
eca
st
of
mos
t
lik
ely
fut
ure
dem
and
patterns; and
2.
sev
era
l
alt
ern
ati
ve
bot
tom
up
bac
kca
sts
int
end
ed
to
exp
lor
e
a r
ang
e
of
di
ff
er
en
t
fu
tu
re
de
ma
nd
sc
en
ar
io
s,
in
cl
ud
in
g
th
os
e
th
at
mi
gh
t
be
more desirable than the "base case".
One
obs
tac
le
to
the
dev
elo
pme
nt
of
suc
h
ana
lys
es
is
the
lac
k
of
ava
ila
bil
ity
of
goo
d
dat
a
on
ene
rgy
end
-us
es.
The
dev
elo
pme
nt
and
ana
lys
is
of
al
te
rn
at
iv
e
en
er
gy
de
ma
nd
sc
en
ar
io
s
in
th
e
Gr
ea
t
La
ke
s
ba
si
n
wo
ul
d
th
er
ef
or
e
be
gre
atl
y e
nha
nce
d b
y t
he
dev
elo
pme
nt
of
dat
a r
ela
tin
g t
o:
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g
a.
te
rt
ia
ry
en
er
gy
co
ns
um
pt
io
n
(i.
e.
th
e
ef
fi
ci
en
ci
es
of
en
er
gy
consumption processes),
b.
ene
rgy
end
—us
es
(th
e f
ina
l s
erv
ice
tha
t e
ner
gy
con
sum
pti
on
pro
vid
es)
,
and
c.
en
er
gy
qu
al
it
y
(t
he
th
er
mo
dy
na
mi
c
qu
al
it
y
of
en
er
gy
re
qu
ir
ed
fo
r
different end—use tasks).
FU
TU
RE
EN
ER
GY
DE
MA
ND
S
IN
TH
E
GR
EA
T
LA
KE
S
BA
SI
N
Ta
bl
e
9
sh
ow
s
a
nu
mb
er
of
re
ce
nt
se
co
nd
ar
y
en
er
gy
de
ma
nd
fo
re
ca
st
s
fo
r
di
ff
er
en
t
re
gi
on
s
wi
th
in
th
e
Gr
ea
t
La
ke
s
ba
si
n.
Th
e
gr
ow
th
ra
te
s
sh
ow
n
on
Tab
le
9 a
re
ill
ust
rat
ed
gra
phi
cal
ly
on
Fig
ure
1 f
or
Can
ada
and
Fig
ure
2 f
or
th
e
Un
it
ed
St
at
es
.
Th
es
e
fo
re
ca
st
s
ex
cl
ud
e
fu
el
us
ed
to
ge
ne
ra
te
el
ec
tr
ic
it
y.
Th
e
te
n
es
ti
ma
te
s
gi
ve
n
fo
r
th
e
On
ta
ri
o
re
gi
on
va
ry
su
bs
ta
nt
ia
ll
y
ac
co
rd
in
g
to
me
th
od
.
Th
ey
ar
e
th
er
ef
or
e
ar
ra
ng
ed
in
to
fo
ur
gr
ou
ps
,
ac
co
rd
in
g
to
the
typ
e
of
ana
lys
is
emp
loy
ed.
The
fir
st
eig
ht
est
ima
tes
are
for
eca
sts
pr
ep
ar
ed
fo
r
a
re
ce
nt
Ca
na
di
an
Na
ti
on
al
En
er
gy
Bo
ar
d
he
ar
in
g
on
to
ta
l
en
er
gy
su
pp
ly
and
de
ma
nd
in
Ca
na
da
.
Th
ey
th
us
re
pr
es
en
t
a r
el
at
iv
el
y
co
mp
ar
ab
le
col
lec
tio
n
pre
par
ed
acc
ord
ing
to
a c
ons
ist
ent
set
of
ter
ms
of
ref
ere
nce
.
Bec
aus
e o
f t
he
dif
fic
ult
y o
f c
oll
ect
ing
and
rec
onc
ili
ng
the
lar
ge
num
ber
of
di
ff
er
en
t
en
er
gy
de
ma
nd
fo
re
ca
st
s
pr
ep
ar
ed
in
di
ff
er
en
t
ju
ri
sd
ic
ti
on
s
in
the
U.S
.
par
t
of
the
Gre
at
Lak
es
Bas
in,
it
was
dec
ide
d
to
tak
e
a c
ons
ist
ent
set
of
na
ti
on
al
pr
oj
ec
ti
on
s
and
pr
or
at
e
th
em
to
co
ns
um
pt
io
n
in
th
e
Gr
ea
t
La
ke
s
Basin states.
Th
e
na
ti
on
al
pr
oj
ec
ti
on
s
of
th
e
Co
mm
it
te
e
on
Nu
cl
ea
r
and
Al
te
rn
at
iv
e
En
er
gy
Sy
st
em
s
(C
ON
AE
S)
of
th
e
U.S
.
Na
ti
on
al
Re
se
ar
ch
Co
un
ci
l
(N
at
io
na
l
Ac
ad
em
y
of
Sc
ie
nc
es
Al
te
rn
at
iv
e,
19
79
)
we
re
pr
or
at
ed
to
th
e
Gr
ea
t
La
ke
s
Ba
si
n
st
at
es
.
Th
is
fa
ct
or
,
wi
th
a
va
lu
e
of
0.
33
,
is
th
e
ra
ti
o
of
to
ta
l
se
co
nd
ar
y
con
sum
pti
on
in
the
eig
ht
Gre
at
Lak
es
sta
tes
to
tot
al
sec
ond
ary
con
sum
pti
on
in
the United States in 1978.
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A
COM
PAR
ISO
N
OF
SEL
ECT
ED
EST
IMA
TES
OF
FUT
URE
ENE
RGY
DEM
AND
IN
THE
GRE
AT
LAK
ES
BAS
IN
(Foot
notes
and S
ource
s on
page
31)
Se
co
nd
ar
y
En
er
gy
Co
ns
um
pt
io
n
Gr
ow
th
Ra
te
s
(g
):
Sec
ond
ary
Ene
rgy
Con
sum
pti
on
in
200
0
101
§J
(ne
gat
ive
gro
wth
in
par
ent
hes
es)
91
1
ga
g
Coa
1
E1e
c.
To
ta
TT
Res
.
Com
m.
Ind
.
Tra
ns.
le
_
ga
g
Coa
1
E1e
c.
   
A.
CAN
ADA
- O
NTA
RIO
(ac
tua
1 1
978
con
sum
pti
on
in
par
ent
hes
es)
(97
6)
(68
9)
(22
4)
(32
8)
(22
29)
 
To
Dow
n F
ore
cas
ts
ran
sca
na
a
ipe
iin
es
(19
81)
-»
1.1
35
0.4
68
0.5
82
.
—-
1 0
2.
Tra
nsc
ana
da
Pip
eTi
nes
(19
80)
-
0.7
15
0.6
08
—-
-
0 6
3.
Gu1
f (
198
0a)
1.3
39
1.0
31
0.3
97
0.5
40
3.5
04
0.5
4.
Gu1
f (
1980
b)
1.1
46
0.9
82
0.3
97
0.7
19
3.4
13
O 2
5
0 2
6
  
 
.
Imp
eri
al
011
(19
80)
0.9
51
0.9
61
0.3
69
0.6
93
3.1
47
_
(
.
Ont
ari
o H
ydr
o (
198
0)
-
——
-
0.7
08
-
——
—-
-
-
—-
-
-
 
Bott
om U
Fore
cast
s
19
81
0.
77
87
—-
—
2,
54
47
Min
ist
ry
of
Ene
rgy
(19
80)
1.0
24
0.8
86
0.5
41
0.5
99
3.0
98
£0.
13
8.
Min
ist
ry
of
Ene
rgy
—
-
0.6
8
3
0
 
2.8
249
(0.
1)1
0
0.2
10
1.2
10
0.2
10
-—
——
——
—-
0.6
10
Bot
tom
Up
Sub
sti
tut
ibi
lit
y A
nal
ysi
s
1
10.
Roy
a1
Com
mis
sio
n
on
(1.
2)-
1.9
11
1.9
-
0.0
-
1.7
5-4
Ele
ctr
ic
Pow
er
Pia
nni
ng
(19
80)
8.9
11
7.1
11
B.
U.S.
- GR
EAT
LAK
ES
BAS
IN
STA
TES
CON
AES
Sce
nar
ios
(ac
tua
1 1
975
con
sum
pti
on
in
par
ent
hes
es)
12
Bui
1di
ngs
13
(9.
5)
(5.
8)
(1.
4)
(2.
0)
(18
.7)
14.
2
8 1
12.
4
6 9
13.
5
5.3
4 1
3 7
3
3
3
29.
3
1 4
0
25.
9
0 5
6
26.
4
0.0
.8
20.
9
(0
8
4
17.8
'
(1 6
8
(2
7
11. Scenario
12.
Sce
nar
io
13.
Sce
nar
io
14. S
cenar
io
15. Scenario
16. S
cenar
io
1
D
u
m
m
<
<
0
.
8
.
7
.
c
o
m
m
*
15
.3
     
 Th
e
CO
NA
ES
pr
oj
ec
ti
on
s
we
re
in
te
nd
ed
to
im
pr
ov
e
our
un
de
rs
ta
nd
in
g
of
th
e
fo
rc
es
in
fl
ue
nc
in
g
en
er
gy
de
ma
nd
by
qu
an
ti
fy
in
g
th
e
ef
fe
ct
s
of
sp
ec
if
ic
se
ts
of
de
ma
nd
—s
ha
pi
ng
as
su
mp
ti
on
s
(N
at
io
na
l
Ac
ad
em
y
of
Sc
ie
nc
es
,
En
er
gy
,
19
79
).
As
a r
esu
lt,
the
se
six
sce
nar
ios
(Ta
ble
9)
ill
ust
rat
e
the
pot
ent
ial
ran
ge
of
fu
tu
re
U.S
.
en
er
gy
de
ma
nd
th
at
wo
ul
d
re
su
lt
fr
om
ch
an
ge
s
in
sp
ec
if
ie
d
con
dit
ion
s
inf
lue
nci
ng
ene
rgy
dem
and
.
In
all
sce
nar
ios
exc
ept
Sce
nar
io
A*,
no
cha
nge
s
in
lif
est
yle
wer
e
ass
ume
d.
In
the
lat
ter
sce
nar
io,
how
eve
r,
significant lifestyle changes were assumed.
Fu
tu
re
en
er
gy
de
ma
nd
gr
ow
th
in
th
e
Gr
ea
t
La
ke
s
ba
si
n
is
li
ke
ly
to
be
mu
ch
low
er
tha
n
in
the
pas
t,
but
tha
t
con
sid
era
ble
var
iab
ili
ty
exi
sts
wit
h
res
pec
t
to
cur
ren
t
est
ima
tes
.
As
the
CON
AES
pan
el
sug
ges
ts:
The
gro
wth
in
ene
rgy
use
ove
r t
he
dec
ade
s a
hea
d c
an
var
y o
ver
an
ext
rao
rdi
nar
ily
wid
e r
ang
e,
dep
end
ing
on
the
int
era
cti
on
amo
ng
ene
rgy
pri
ces
,
GNP
,
pol
icy
dec
isi
ons
,
the
rat
e
at
whi
ch
ava
ila
ble
tec
hno
log
y
is
put
int
o u
se,
and
the
rat
e a
t w
hic
h n
ew
tec
hno
log
y i
s d
eve
lop
ed.
(Na
tio
nal
Aca
dem
y
of
Sci
enc
es,
Ene
rgy
,
197
9).
Thi
s s
ugg
est
s b
oth
tha
t t
he
fut
ure
lev
el
of
dem
and
is
in
par
t
pol
icy
-de
ter
min
ed
and
als
o
tha
t
the
lik
ely
cha
rac
ter
ist
ics
of
dif
fer
ent
ene
rgy
de
ma
nd
sc
en
ar
io
s,
in
cl
ud
in
g
en
vi
ro
nm
en
ta
l
co
st
s
and
be
ne
fi
ts
sh
ou
ld
be
an
imp
ort
ant
fac
tor
in
dec
idi
ng
upo
n w
hat
dem
and
pol
ici
es
to
pur
sue
.
It
is
app
are
nt
fro
m T
abl
e
9 t
hat
ene
rgy
dem
and
lev
els
in
the
Ame
ric
an
par
t
of
the
Gre
at
Lak
es
bas
in
can
be
exp
ect
ed
to
be
bet
wee
n f
ive
and
ten
tim
es
as
gre
at
as-
in
Ont
ari
o.
Com
par
ing
the
Ont
ari
o M
ini
str
y
of
Ene
rgy
(19
80)
for
eca
st
wit
h
the
CON
AES
"B"
Sce
nar
io,
sho
ws
tha
t
oil
con
sum
pti
on
may
be
abo
ut
ten
tim
es
gre
ate
r,
nat
ura
l
gas
con
sum
pti
on
abo
ut
fiv
e
tim
es
gre
ate
r,
coa
l
abo
ut
six
tim
es
gre
ate
r
and
ele
ctr
ici
ty
abo
ut
fiv
e
tim
es
gre
ate
r
in
the
U.S
.
Bas
in
states than in Ontario.
Whe
n c
ons
ump
tio
n g
row
th
rat
es
in
Fig
ure
s 1
and
2 a
re
com
par
ed,
how
eve
r,
con
sid
era
ble
sim
ila
rit
y e
xis
ts
bet
wee
n t
he
U.S
.
and
Can
adi
an
est
ima
tes
.
In
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Fi
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A
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mp
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is
on
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Se
co
nd
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y
En
er
gy
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pt
io
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ow
th
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s
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m D
iff
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Fue
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Ca
na
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ne
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ana
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Min
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e
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a
m
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n
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o
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e
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nSp
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A
Co
mp
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Se
co
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ar
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En
er
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s
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fer
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by
Se
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d
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l
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Lak
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Build
ings
Oil
Coal
 
Indust
ry
Transp
orta
Natura
l
Electri
city
Total
Secon
dary
  
Secto
r
Fuel T
ype
Total
 gene
ral,
the
U.S.
grow
th r
ates
are
some
what
lowe
r, b
ut t
he p
atte
rn i
s ve
ry
similar. Strong growth is expected only for coal (especially in Canada), and
to a lesser extent electricity and industrial consumption in both countries.
Low or negative growth is expected in transportation use, in oil consumption
in Canada and in natural gas consumption in the U.S. However, when the
commercial and residential consumption growth rates for Canada are combined
the result appears to be a higher growth than in the CONAES estimates for the
buildings sector in the U.S.
In Summary, it appears as if the same factors that can be expected to
moderate demand growth in the U.S. are operative in Canada. Perhaps more
importantly, it seems evident that considerable choice exists with respect to
the future level of energy demand in the Great Lakes Basin.
Electricity Planning
 
The quality of electric power planning is of critical importance since it
ultimately determines the amount of electricity available, the rates consumers
must pay for capital investment in new plants, and the impact on the ecosystem
from the siting and operation of facilities. Power supply decisions will
impact for decades the economic, environmental and social costs to be borne by
the public. Electric utilities in the U.S. are generally planning to meet
future growth by constructing nuclear and coal—fired plants.
Jurisdictions have a primary responsibility for regulating electric
utilities and overseeing their plans for balancing power supply and demand.
While many other factors are considered in electric power planning, demand
forecasts are the critical starting point in determining whether facilities
should be developed. Jurisdictions which prepare independent forecasts have
developed significantly lower projections than the utilities. The basic
factors causing lower forecast results were differing assumptions on
(1) population growth, (2) economic growth, (3) the impact of the price of
electricity on demand, (4) the impact of conservation, and (5) estimates of
personal income. Wisconsin and Minnesota have specific legal requirements for
making a "need for power" decision.
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4 . W i s e E n e r g y U s e
T h e
w i s e
u s e
o f e
n e r g
y w i
l l
i m p r
o v e
t h e
q u a l
i t y
o f l
i f e
i n t
h e G
r e a t
L a k e
s
b a s i
n .
W i s e
u s e
o r
c o n s
e r v a
t i o n
o f
e n e r
g y
i m p l
i e s
a g
r e a t
e r
y i e l
d
o f
g o o d
s
a n d
s e r v
i c e s
p e r
u n i t
o f e
n e r g
y i n
p u t .
I n c r
e a s e
d p r
o d u c
t i v i
t y
a l o n
g w i
t h
e n e r
g y
c o n s
e r v a
t i o n
w i l l
r e s u
l t
i n
a n
e n h a
n c e m
e n t
o f
e n v i
r o n m
e n t a
l
q u a l
i t y .
W h i l
e t h
e r e
a r e
m a n y
d e f i
n i t i
o n s
o f c
o n s e
r v a t
i o n
( P r o
c t e r
, 1 9
8 1 ) ,
a
g e n e
r a l
d e f i
n i t i
o n
i s
a r
e d u c
t i o n
o f
t h e
e n e r
g y
i n p u
t
p e r
u n i t
o f
r e a l
G r o s
s
D o m e
s t i c
P r o d
u c t
( G D P
) , o
r s o
m e o
t h e r
a p p r
o p r i
a t e
o u t p
u t m
e a s u
r e .
I n 1
9 7 3
a n d
1 9 7 5
,
C a n a
d a
r a n k
e d
f i r s
t
a m o n
g
1 6
d e v e
l o p e
d
n a t i
o n s
o f
t h e
w o r l
d
i n
e n e r
g y
p e r
u n i t
o f d
o m e s
t i c
p r o d
u c t ,
w h i l
e t h
e U .
S . r
a n k e
d f o
u r t h
a n d
t h i r
d ,
r e s p
e c t i
v e l y
( T a b
l e
1 0 ) .
T h e s
e
r a t i
o s
c o u l
d
b e
l o w e
r e d
b y
i n c r
e a s i
n g
t h e
e f f i
c i e n
c y
o f e n e r
g y
u s e .
S e v
e r a
l
c h a
r a c
t e r
i s t
i c s
o f
a w
i s e
e n e
r g y
u s e
p o l
i c y
m u s
t b
e n
o t e
d :
1 .
M o r
e
e f f
i c i
e n t
u s e
o f
e n e
r g y
w i l
l
a l l
o w
i n c
r e a
s e d
p r o
d u c
t i v
i t y
w i t
h o u
t
a n e x p
a n s
i o n
o f e n
e r g
y
s u p
p l i
e s .
I n c
l u d
e d
i n e f
f i c
i e n
t
u s e
i s t h e r e
d u c
t i o
n
i n p e a
k
d e m
a n d
s .
I n t e r
m s
o f e n v
i r o
n m e
n t a
l
c o n
s e q
u e n
c e s
,
e f f
i c i
e n t
u s e w i l
l
m i t
i g a
t e
t h e n e e
d
t o e x p
a n d
s u p
p l i
e s .
T h e
a s s
o c i
a t e
d e n
v i r
o n m
e n t
a l c o n
s e q
u e n
c e s a r
e s
e l d
o m p
a r t
o f t h e e n
e r g
y
p r o
d u c
t i o
n
d e c
i s i
o n .
T o i l l
u s t
r a t
e ,
a c i
d
r a i
n
a n d
s u b
s e q
u e n
t c o s
t s ,
a r e
d i r
e c t
l y r e
l a t
e d t
o c
o a l
u s e
.
I f
e l e
c t r
i c i
t y
i s u s e
d
m o r
e
e f f
i c i
e n t
l y ,
t h e d e
m a n
d
f o r i n
c r e
a s i
n g
t h e u s e o f c o
a l
c o u
l d
b e r e d
u c e
d ,
t h e
r e b
y
m i t
i g a
t i n
g
t h e a c i
d
r a i
n
p r o
b l e
m .
2 . W i s e u s e o f e n e r g y o r c o n s e r v a t i o n i n v o l v e s a m y r i a d o f a c t i o n s .
S o m e
o f
t h e s e
a c t i o n s
c o n s t i t u t e
a r e l a t i v e l y
" s o f t "
l e s s
d r a m a t i c
a p p r o a c h
t o
e n e r g y
p o l i c y .
C o n s e r v a t i o n
w o r k s
t h r o u g h
t h e
d e c i s i o n s
o f
m a n y
c o n s u m e r s
w h o
a l t e r
t h e i r
p a t t e r n s
o f
u s e .
O t h e r
a c t i o n s
s u c h
a s
c o g e n e r a t i o n ,
d i s t r i c t
h e a t i n g
p r a c t i c e s ,
a n d
t h e
m a n a g e m e n t
o f
d e m a n d s
r e q u i r e
“ h a r d "
o r
a d v a n c e d
t e c h n o l o g y
t o
i m p l e m e n t .
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T A B L E 1 0
E N E R G Y / G R O S S D O M E S T I C P R O D U C T R A T I O S I N S E L E C T E D Y E A R S
1 9 7 3 P r i m a r y 1 9 7 5 P r i m a r y
E n e r g y / G D P E n e r g y / G D P
C o u n t r y ( 1 0 6 J / $ 2 ( 1 0 6 J / $ 2
N o r w a y 8 5 . 8 7 6 . 9
C a n a d a 8 5 . 8 8 4 . 9
U n i t e d K i n g d o m 7 1 . 9 6 6 . 2
U n i t e d S t a t e s 6 8 . 1 6 8 . 1
T u r k e y 6 1 . 0 5 7 . 7
N e t h e r l a n d s 6 0 . 1 5 6 . 6
B e l g i u m 5 7 . 9 5 1 . 8
S p a i n 5 6 . 8 5 6 . 8
I r e l a n d 5 6 . 3 5 2 . 4
S w e d e n 5 1 . 0 4 7 . 2
A u s t r i a 5 0 . 6 4 7 . 3
I t a l y 4 9 . 9 4 7 . 9
D e n m a r k 4 6 . 9 4 2 . 8
G e r m a n y 4 5 . 6 4 3 . 1
J a p a n 4 3 . 8 4 2 . 1
S w i t z e r l a n d 3 8 . 8 4 0 . 2
S o u r c e : U n i t e d N a t i o n s , 1 9 7 6 .
 
 
 
3 . W i s e u s e o r c o n s e r v a t i o n o f e n e r g y a r e p o s s i b l e w i t h i n a l l s e c t o r s
( r e s i d e n t i a l , c o m m e r c i a l , t r a n s p o r t a t i o n , i n d u s t r i a l , a g r i c u l t u r a l
a n d p u b l i c u s e s ) . G i v e n s u f f i c i e n t t e c h n i c a l i n f o r m a t i o n a n d
i n c e n t i v e s , d e c i s i o n m a k e r s i n a l l s e c t o r s h a v e t h e p o t e n t i a l t o
r e d u c e t h e e n e r g y / p r o d u c t r a t i o .
4 . W i s e u s e o f e n e r g y i s c o m p a r a b l e t o o t h e r s u p p l y a l t e r n a t i v e s i n
t e r m s o f r e s p o n s e t o t h e v a r i o u s a s p e c t s o f t h e e n e r g y " c r i s i s "
d i s c u s s e d i n t h e i n t r o d u c t i o n t o t h i s r e p o r t - - t h e n a t i o n a l s e c u r i t y
p e r s p e c t i v e , e n e r g y a n d i n d u s t r i a l g r o w t h , p h y s i c a l d e p l e t i o n ,
e n v i r o n m e n t a l i m p a c t s , a n d s t r u c t u r e o f s o c i e t y .
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5 .
T h
e
i n
s t
r u
m e
n t
s
o r
t e
c h
n i
q u
e s
t o
i m
p l
e m
e n
t
e f
f i
c i
e n
t
u s
e
o f
e n
e r
g y
a r
e s
i m
i l
a r a
m o
n g s
e c
t o
r s o f
t h
e e
c o
n o
m y
. A c
t i
o n
s r e
l a
t e t
o a
p e
r c
e p
t i
o n
o f
v i
a b
l e
c h
o i
c e
s
a n d
i n
c e
n t
i v
e s
f a
c i
n g
e n
e r
g y
u s
e r
s
o r
p r o
d u c
e r s
.
I n c
e n t
i v e
s
m a y
b e
t h e
r e s
u l t
o f
l e g
i s l
a t i
o n ,
e . g
.
t a x
c r e
d i t
s ,
a c c
e l e
r a t
e d
d e p
r e c
i a t
i o n
,
o r
p r i
c i n
g
p o l
i c i
e s .
O v
e r
t h
e
l a
s t
s e
v e
r a
l
y e
a r
s
t h
e r
e
h a s
b e
e n
i n
c r
e a
s e
d
i n
t e
r e
s t
i n
t h
e
p o
t e
n t
i a
l
f o
r
r e
d u
c i
n g
t h
e
l e v
e l
o f
e n
e r
g y
u s
e
i n
b o
t h
C a
n a
d a
a n d
t h
e
U n
i t
e d
S t
a t
e s
.
A
g o a
l
i s
t o
a c
h i
e v
e a
r e
d u
c t
i o
n i
n
t h
e
a n
n u
a l
r a
t e
o f
g r
o w
t h
i n
f o
s s
i l
f u e
l
u s e
w i
t h
o u
t
m a
j o
r
s a
c r
i f
i c
e s
i n
o v
e r
a l
l
p r
o d
u c
t i
v i
t y
.
T h
i s
r e
d u
c e
d e n
e r
g y u
s e
m a
y b
e t
e r
m e
d m o
r e
e f
f i
c i
e n
t u s
e o
r c
o n
s e
r v
a t
i o
n .
T h
e
p o
t e
n t
i a
l
r o
l e
o f
c o
n s
e r
v a
t i
o n
i n
a
c o
m p
r e
h e
n s
i v
e
e n
e r
g y
p o
l i
c y
i s
n o
t
w e
l l
u n
d e
r s
t o
o d
. S
o m
e m
e r
e l
y v
i e
w i
t
a s
" b
e i
n g
t o
o c
o l
d i
n w
i n
t e
r a
n d
t o
o h
o t
i n
t h
e
s u
m m
e r
" .
T h
i s
n e
g a
t i
v e
v i
e w
m u
s t
b e
r e
p l
a c
e d
b y
a
p o
s i
t i
v e
p e
r c
e p
t i
o n
t h
a t
p r
o m
o t
e s
e f
f i
c i
e n
t u s
e o
f e
n e
r g
y .
W h
a t
c a
n w
e r
e a
s o
n a
b l
y e x
p e
c t
f r
o m
e n
e r
g y
c o
n s
e r
v a
t i
o n
?
W h
a t
a r
e
t h
e
a l
t e
r n
a t
i v
e
p o
l i
c i
e s
w h
i c
h
m a
y
b e
f o
l l
o w
e d
t o
a t
t a
i n
a
p a
r t
i c
u l
a r
l e
v e
l o
f
e n
e r
g y
u s
e
r e
d u
c t
i o
n ?
W h
a t
a r
e
s o
m e
o f
t h
e
t r
a d
e o
f f
s
b e
t w
e e
n
a l
t e
r n
a t
i v
e
p o
l i
c i
e s
o f
e n
e r
g y
c o
n s
e r
v a
t i
o n
i n
t e
r m
s
o f
w h
o
i s
r e
d u
c i
n g
t h
e i
r
e n
e r
g y
u s
e
a n
d
w h
o
i s
r e
c e
i v
i n
g
t h
e
b e
n e
f i
t s
a n
d
p a
y i
n g
t h
e
c o
s t
s
o f t h
i s r e
d u
c t
i o
n ?
I n
s i
g h
t s
t o
t h
e s
e
a n
d
o t
h e
r
q u
e s
t i
o n
s
c a
n
b e
g l
e a
n e
d
f r
o m
t h
e
l i
t e
r a
t u
r e
o n
e n
e r
g y
u s
e
c o
n s
e r
v a
t i
o n
,
a n
d
e n
e r
g y
p o
l i
c y
.
T h
e r
e
a p
p e
a r
s
t o
b e
t w
o
g e
n e
r a
l
w a
y s
o f
v i
e w
i n
g
w i
s e
e n
e r
g y
u s
e
o r
c o
n s
e r
v a
t i
o n
.
F i
r s
t ,
w i
s e
e n
e r
g y
u s
e
m a
y
b e
v i
e w
e d
a s
a
s o
u r
c e
o f
n e
w
e n
e r
g y
" s
u p
p l
y "
.
T h
i s
r e
s u
l t
s
f r
o m
t h
e
o b
s e
r v
a t
i o
n t
h a
t
r e
d u
c t
i o
n s
i n
e n
e r
g y
u s
e
i n
o n
e
s e
c t
o r
,
r e
p r
e s
e n
t e
n e
r g
y
w h
i c
h
m a
y
b e
r e
a l
l o
c a
t e
d
t o
a n
o t
h e
r
c o
n s
u m
i n
g
s e
c t
o r
.
S e
c o
n d
,
e n
e r
g y
c o
n s
e r
v a
t i
o n
m a
y
b e
a s
s e
s s
e d
i n
t e
r m
s
o f
e c
o n
o m
i c
e f
f i
c i
e n
c y
.
S p
e c
i f
i c
a l
l y
,
s a
v i
n g
s
f r
o m
r e
d u
c e
d
e n
e r
g y
u s
e
c a
n
b e
e q
u a
t e
d
w i
t h
t h
e
m a
r g
i n
a l
c o
s t
o f
a t
t a
i n
i n
g a n
e x
t r
a u n
i t
o f
e n
e r
g y u
s e
r e
d u
c t
i o
n .
A c
h i
e v
i n
g
m o
r e
e f
f i
c i
e n
t
e n
e r
g y
u s
e
r e
q u
i r
e s
a n
e x
a m
i n
a t
i o
n
o f
b o
t h
s u
p p
l y
a n
d d
e m
a n
d p
o l
i c
i e
s .
0 n
t h
e
s u
p p
l y
s i
d e
, m
a n
y i
n c
e n
t i
v e
s e x
i s
t f
o r
t h
e
 
p r o
d u c
t i o
n o
f f
o s s
i l
f u e
l s .
I n
t u r
n ,
t h e
s e
i n c
e n t
i v e
s a
f f e
c t
p o t
e n t
i a l
e n e
r g y
c o n
s e r
v a t
i o n b y
a f f
e c t
i n g t h
e p r
i c e o
f f o
s s i
l f u e
l . 0
n t h
e d e
m a n
d s i d
e ,
v a r
i o u
s
f a c
t o r
s
i n f
l u e
n c e
e n e
r g y
u s e
d e c
i s i
o n s
.
P r i
c e
o f
e n e
r g y
a n d
p r i
c e
o f
c o n
s u m
e r
d u r
a b l
e s ,
i n c
o m e
, f
a m i
l y
s i z e
, b
e l i
e f s
a n d
v a l
u e s
, i
n f o
r m a
t i o
n
a v a
i l a
b i l
i t y
,
i n d
u s t
r i a
l
c o m
p o s
i t i
o n ,
b u i
l d i
n g
c o d
e s ,
a n d
z o n
i n g
l a w s
a r e
s o m
e
o f
t h e
f a c
t o r
s a
f f e
c t f
o s s
i l
f u e l
u s e .
I t i
s a
p p r
o p r
i a t
e t o
a n a
l y z
e v a
r i o
u s
p o l
i c i
e s
i n
t e r
m s
o f
t h e
i r
e n e
r g y
c o n
s e r
v a t
i o n
p o t
e n t
i a l
a n d
t h e
b e n
e f i
t s
a n d
t h e
c o s
t s
o f
t h o
s e
a l t
e r n
a t i
v e s
.
T o
d o
t h i
s ,
i t
m u s
t f
i r s
t b
e d
e t e
r m i
n e d
h o w
t h e
s u c
c e s
s
o f
a
p a r
t i c
u l a
r
p o l
i c y
i s
t o
b e
m e a
s u r
e d .
W i t h i n t h e G r e a t L a k e s b a s i n , e n e r g y c o n s e r v a t i o n i s a p a r t i c u l a r l y
i m p o r t a n t
s t r a t e g y .
S i n c e
t h e
G r e a t
L a k e s
b a s i n
i s
a n e t
i m p o r t e r
o f
n a t u r a l
g a s
a n d
o i l ,
c o n s e r v a t i o n
p r o v i d e s
t h e
o n l y
n e a r
t e r m
p o s s i b i l i t y
o f
s a t i s f y i n g
t h e
r e g i o n a l
s h o r t f a l l
o f
n a t u r a l
g a s
a n d
o i l .
B e c a u s e
o f
t h i s
s h o r t f a l l ,
t h e
G r e a t
L a k e s
b a s i n
e c o n o m y ,
s o c i a l
s t r u c t u r e ,
a n d
e n v i r o n m e n t
i s
p a r t i a l l y
u n d e r
t h e
c o n t r o l
o f
o t h e r
r e g i o n s .
B y
r e d u c i n g
e n e r g y
u s e
t h i s
d e p e n d e n c e
o f
t h e
G r e a t
L a k e s
b a s i n
o n
e n e r g y
r e s o u r c e s
o f
o t h e r
r e g i o n s
i s
a l s o d i m i n i s h e d .
T h e
a n a l
y s i s
i n d i
c a t e
s t h
a t t
h e u
s e o
f f o
s s i l
f u e l
c a n
b e r
e d u c
e d
i n e
v e r y
s e c t
o r
o f
a c t i
v i t y
.
T h i s
r e d u
c t i o
n
w i l l
o c c u
r
i n
r e s p
o n s e
t o
h i g h
e r
f o s s
i l
f u e l
p r i c
e s ,
b u t
i s n
o t
l i m i
t e d
t o d
i r e c
t p
r i c e
r e s p
o n s e
s .
A d d i
t i o n
a l
r e d u
c t i o
n s
c a n
b e
a t t a
i n e d
t h r o
u g h
t h e
u s e
o f
a v
a r i e
t y
o f
e c o n
o m i c
p o l i
c i e s
s u c h
a s t
a x a t
i o n
a n d
r e d u
c e d
p r o d
u c t i
o n i
n c e n
t i v e
s .
A d m i
n i s t
r a t i
v e s
t a n d
a r d s
m a y a l s o b e u s e d t o r e d u
c e
t h e u s e o f f o s s
i l
f u e l
.
W e c o n c l u d e t h a t t h e r e i s a r o l e f o r p o l i c y g e a r e d t o w a r d s e n c o u r a g i n g
r e d u c e d
e n e r g y
u s e .
P e o p l e
w i l l
r e d u c e
t h e i r
u s e
o f
e n e r g y ,
t h e
q u e s t i o n
i s
t o w h a t
e x t e n t
w i l l
t h e s e
r e d u c t i o n s
o c c u r .
O n e
p o l i c y
q u e s t i o n
i s w h a t
d e g r e e
o f
c o n s e r v a t i o n
i s
d e s i r e d
f r o m
a s o c i a l
v i e w p o i n t .
P o l i c y
c h o i c e
m u s t
a l s o
i n v o l v e
a c o n s i d e r a t i o n
o f
w h e r e
e n e r g y
c o n s e r v a t i o n
i s
d e s i r e d .
I s
i t
d e s i r e d
i n
a l l
s e c t o r s ?
W h a t
i s
t h e
r e l a t i v e
w e i g h t i n g
o f
a u n i t
o f
f o s s i l
f u e l
c o n s e r v e d
i n o n e
s e c t o r
v i s - a - v i s
a l l
o t h e r
s e c t o r s ?
A n s w e r s
t o t h e s e
q u e s t i o n s
w i l l
a f f e c t
t h e
p o l i c y
c h o i c e
p r o c e s s
a n d
i n
t u r n
w i l l
b e
a f f e c t e d
b y t h e c h o i c e s m a d e .
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T
E N
E R
G Y
E F
F I
C I
E N
C Y
B Y
S E
C T
O R
T h
e
p a
t h
w a
y s
t o
t h
e
e n
e r
g y
f u
t u
r e
i n
t h
e
G r
e a
t
L a
k e
s
b a
s i
n
a r
e
w i
d e
l y
d i
v e
r g
e n
t .
T h
e
p a
t h
t a
k e
n
s h
o u
l d
b e
r e
c o
g n
i z
e d
a s
a
m a
t t
e r
o f
s o
c i
a l
c h
o i
c e
r a
t h
e r
t h
a n
a
n a
r r
o w
t e
c h
n i
c a
l
d e
c i
s i
o n
.
W h
a t
e v
e r
t h
e
r o
a d
,
d e
l i
b e
r a
t e
a n
d
t i
m e
l y
a c
t i
o n
s
b y
g o
v e
r n
m e
n t
s
w i
l l
b e
r e
q u
i r
e d
.
T h
i s
p o
s e
s
a
m a
j o
r
p r
o b
l e
m
f o
r
t h
e
b a
s i
n .
W i
t h
a
b i
- n
a t
i o
n a
l
j u
r i
s d
i c
t i
o n
,
s u
b d
i v
i d
e d
b y
a u
t o
n o
m o
u s
s t
a t
e
u n
i t
s ,
t h
e
a c
h i
e v
e m
e n
t
o f
a
p o
l i
t i
c a
l
c o
n s
e n
s u
s
f o
r
a
u n
i f
i e
d
p o
l i
c y
w i
l l
b e
d i
f f
i c
u l
t .
A
b a
s i
c
i n
g r
e d
i e
n t
,
p r
e v
i o
u s
l y
l a
c k
i n
g ,
w i
l l
b e
t h
e
a s
s e
m b
l y
o f
e n
e r
g y
s u
p p
l y
a n
d
d e
m a
n d
d a
t a
i n
a
r e
g i
o n
a l
c o
n f
i g
u r
a t
i o
n
t o
a s
s i
s t
t h
e
i d
e n
t i
f i
c a
t i
o n
a n
d
e v
a l
u a
t i
o n
o f
a l
t e
r n
a t
i v
e
e n
e r
g y
o p
t i
o n
s ,
s t
r a
t e
g i
e s
a n
d
t r
a d
e o
f f
s .
T h
e r
e
i s
a
n e
e d
t o
u n
d e
r s
t a
n d
t h
e
f a
c t
o r
s
t h
a t
w i
l l
g o
v e
r n
f u
t u
r e
d e
m a
n d
o f
v a
r i
o u
s
f o
r m
s
o f
e n
e r
g y
a n
d
t h
e i
r
p o
t e
n t
i a
l
m o
d i
f i
c a
t i
o n
.
T h
e
e x
t r
a p
o l
a t
i o
n
o f
e n
e r
g y
c o
n s
u m
p t
i o
n
a n
d
s u
p p
l y
a t
c u
r r
e n
t
r a
t e
s
d u
r i
n g
t h
e
d e
c a
d e
o f
t h
e
1 9
8 0
' s
r e
s u
l t
s
i n
a
t o
t a
l l
y
i m
p l
a u
s i
b l
e
s c
e n
a r
i o
i n
v o
l v
i n
g
a b
s o
l u
t e
s h
o r
t a
g e
s
a n
d
u n
a c
c e
p t
a b
l e
p o
l i
t i
c a
l
a n
d
e c
o n
o m
i c
c o
s t
s .
R a
d i
c a
l
c h
a n
g e
s
i n
e i
t h
e r
s u
p p
l y
o r
d e
m a
n d
t r
e n
d s
a r
e
i n
e v
i t
a b
l e
.
W h
e t
h e
r
t h
e s
e
c h
a n
g e
s
w i
l l
b e
p e
a c
e f
u l
l y
e v
o l
u t
i o
n a
r y
o r
r e
v o
l u
t i
o n
a r
y
i n
n a
t u
r e
w i
l l
b e
s t
r o
n g
l y
i n
f l
u e
n c
e d
,
i f
n o
t
d e
t e
r m
i n
e d
,
b y
p u
b l
i c
p o
l i
c y
.
T h
i s
v i
e w
c o
n t
r a
s t
s
w i
t h
t h
e
p e
r s
p e
c t
i v
e
t h
a t
a
g r
a d
u a
l
t r
a n
s i
t i
o n
t o
a n
" i
d e
a l
"
c o
m p
e t
i t
i v
e
e n
e r
g y
m a
r k
e t
w o
u l
d
s o
l v
e
t h
e
e n
e r
g y
p r
o b
l e
m .
H o
w e
v e
r ,
c o
n s
i d
e r
i n
g
t h
a t
e n
e r
g y
m a
r k
e t
s
h a
v e
l o
n g
b e
e n
p o
l i
t i
c i
z e
d ,
b o
t h
n a
t i
o n
a l
l y
a n
d
i n
t e
r n
a t
i o
n a
l l
y ,
t h
a t
t h
e r
e
a r
e
m a
n y
n o
n -
m a
r k
e t
s o
c i
o -
p o
l i
t i
c a
l
d e
t e
r m
i n
a n
t s
o f
e n
e r
g y
s u
p p
l y
a n
d
d e
m a
n d
,
a n
d
t h
a t
e n
e r
g y
s u
p p
l y
h a
s
b e
c o
m e
s o
v i
t a
l
t o
n a
t i
o n
a l
s e
c u
r i
t y
,
i t
i s
q u
e s
t i
o n
a b
l e
w h
e t
h e
r
a n
i d
e a
l
c o
m p
e t
i t
i v
e
m a
r k
e t
i s
f e
a s
i b
l e
o r
w o
u l
d
b e
t o
l e
r a
t e
d
p o
l i
t i
c a
l l
y
e v
e n
i f
i n
f a
c t
i t
c o
u l
d
b e
a t t a i n e d .
T h
e
C o
m m
i t
t e
e
o n
N u
c l
e a
r
a n
d
A l
t e
r n
a t
i v
e
E n
e r
g y
S y
s t
e m
( C
O N
A E
S )
( N
a t
i o
n a
l
A c
a d
e m
y
o f
S c
i e
n c
e s
,
A l
t e
r n
a t
i v
e ,
1 9
7 9
)
d e
m a
n d
s t
u d
y
u s
e d
a
m a
r k
e t
a p
p r
o a
c h
t o
t e
s t
t h
e
p o
t e
n t
i a
l
f o
r
e n
e r
g y
e f
f i
c i
e n
c y
,
f i
n d
i n
g
t h
a t
t h
e
c o
s t
o f
i n
c r
e a
s i
n g
t h
e
e f
f i
c i
e n
c y
o f
e n
e r
g y
u s
e
t o
s a
v e
a
u n
i t
o f
e n
e r
g y
i s
f a
r
l e
s s
t h
a n
t h
e
 
 c o
s t
o f
p r
o d
u c
i n
g
a
u n
i t
o f
e n
e r
g y
s u
p p
l y
.
T h
e i
r
c o
n c
l u
s i
o n
w a s
t h
a t
p u
b l
i c
p o l
i c y
s h o
u l d
r e f
l e c
t t
h i s
f a c
t i
n t
a x ,
i n c
e n t
i v e
, a
n d
r e g
u l a
t o r
y a
c t i
o n s
.
C o n
s e r
v a t
i o n
i s
t h e
c h e
a p e
s t
e n e
r g y
s o u
r c e
.
T h e
e x t
r a p
o l a
t i o
n o
f c
u r r
e n t
t r e
n d s
d e m
o n s
t r a
t e s
t h e
a b s
o l u
t e
n e c
e s s
i t y
o f
s l o
w i n
g
t h e
g r o
w t h
o f
e n e
r g y
d e m
a n d
,
r e g
a r d
l e s
s
o f
a n y
s u p
p l y
d e v
e l o
p m e
n t
o p t
i o n
. T
h e
i n e
s c a
p a b
l e c
o n c
l u s
i o n
i s
t h a
t t
h e
h i g
h e s
t p r
i o r
i t y
m u s
t b
e
d e v
o t e
d
t o
r e d
u c i
n g
t h e
d e m
a n d
e l e
m e n
t
i n
t h e
n a t
i o n
a l /
r e g
i o n
a l
e n e
r g y
s t r
a t e
g y .
S o m
e r
e d u
c t i
o n h
a s
a l r
e a d
y r e
s u l
t e d
f r o
m r
i s i
n g
e n e
r g y
p r i
c e s
a n d
t h i
s
r e d
u c t
i o n
c a n
b e
i n t
e n s
i f i
e d
b y
e x p
l i c
i t
g o v
e r n
m e n
t
p o l
i c i
e s .
S t u
d i e
s
b y
t h e
C O N
A E S
d e m
a n d
/ c o
n s e
r v a
t i o
n p
a n e
l i
n d i
c a t
e t
h a t
d e m
a n d
g r o
w t h
c a n
b e
r e d
u c e
d
s u b
s t a
n t i
a l l
y
b y
" i n
c r e
a s e
s "
i n
t h e
t e c
h n i
c a l
e f f
i c i
e n c
y
o f
e n e
r g y
u s e
a n d
b y
p r i
c e
i n d
u c e
d s
h i f
t s
b y
c o n
s u m
e r s
t o
g o o
d s
a n d
s e r
v i c
e s
t h a
t a
r e
l e s
s
e n e
r g y
i n t
e n s
i v e
.
T h e
m a j
o r
c o n
c l u
s i o
n
o f
t h e
C O N
A E S
a n a
l y s
i s
i s
t h a
t
t e c
h n i
c a l
e f f
i c i
e n c
y m
e a s
u r e
s a
l o n
e c
o u l
d r
e d u
c e
t o t
a l
U . S
. e
n e r
g y
c o n
s u m
p t i
o n
b y
5 0 %
c o m
p a r
e d
t o
p r o
j e c
t i o
n s
b a s
e d
o n
a c
o n s
t a n
t
e n e
r g y
t o
G N P
r a t
i o .
I n
t h i
s s
c e n
a r i
o ,
b a s
e d
o n
m a j
o r
i n c
r e a
s e s
i n
e n e
r g y
p r i
c e s
a n d
a s
t r o
n g
c o n
s e r
v a t
i o n
e f f
o r t
,
s e c
t o r
a l
u s e
s
i n
t h e
n e x
t
3 0
y e a
r s
( 2 0
1 0 )
c o u
l d
d r o
p
b y
2 0 %
i n
t r a
n s p
o r t
a t i
o n ,
4 3 %
i n
b u i
l d i
n g s
a n d
a p p
l i a
n c e
s ,
a n d
i n d
u s t
r y
s h o
w i n
g
a
r e l
a t i
v e l
y
m o d
e s t
3 6 %
i n c
r e a
s e .
T h e
o v e
r a l
l
c h a
n g e
r e p
r e s
e n t
s
a
U . S
.
f u e
l
u s e
r e d
u c e
d
t o
7 7 .
5
x
1 0 1
8 J
i n
2 0 1
0
f r o
m
t h e
p r e
s e n
t
8 2 .
2
x
1 0 1
8 J .
T h i
s s
e c t
i o n
a s s
e s s
e s
t h e
p o t
e n t
i a l
f o r
i m p
l e m
e n t
a t i
o n
o f
n e a
r a
n d
m i d
t e r
m
e n e
r g y
e f f
i c i
e n c
y
p r a
c t i
c e s
i n
t h e
G r e
a t
L a k
e s
s t a
t e s
f o r
r e s
i d e
n t a
l ,
c o m
m e r
c i a
l ,
i n d
u s t
r i a
l ,
t r a
n s p
o r t
a t i
o n
a n d
u t i
l i t
y s
e c t
o r s
.
T h e
p o t
e n t
i a l
i s
d e r
i v e
d
f r o
m
r e g
i o n
a l
e n e
r g y
u s e
,
t e c
h n i
c a l
f e a
s i b
i l i
t y
o f
m e a
s u r
e s
a v a
i l a
b l e
,
a n d
t h e
l e g
i s l
a t i
v e /
r e g
u l a
t o r
y p i c
t u r
e r
e l a
t i n
g t o
e n e
r g y
e f f
i c i
e n c
y o r
c o n
s e r
v a t
i o n
.
F e d
e r a
l ,
s t a
t e
a n d
l o c
a l
g o v
e r n
m e n
t s
c a n
i n f
l u e
n c e
o r
m a n
d a t
e
e n e
r g y
c o n
s e r
v a t
i o n
t h r
o u g
h e
d u c
a t i
o n ,
t h e
p r o
v i s
i o n
o f
f i n
a n c
i a l
i n c
e n t
i v e
s
a n d
d i s
i n c
e n t
i v e
s ,
r e g
u l a
t i o
n s
a n d
a d m
i n i
s t r
a t i
v e
a c t
i o n
,
a n d
b y
e n a
c t m
e n t
o f
l e g
i s l
a t i
o n .
T h e
e x t
e n t
t o
w h i
c h
t h e
G r e
a t
L a k
e s
s t a
t e s
h a v
e i
m p l
e m e
n t e
d
e n e
r g y
e f f
i c i
e n c
y
p r o
g r a
m s
a n d
a p p
r o a
c h e
s
v a r
i e s
c o n
s i d
e r a
b l y
,
w i t
h
M i c
h i g
a n ,
M i n
n e s
o t a
a n d
W i s
c o n
s i n
h a v
i n g
s i g
n i f
i c a
n t
l e g
i s l
a t i
o n
i n
p l a
c e .
T h e
s e
t h r
e e
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s t
a t
e s
h a
v e
e s
t a
b l
i s
h e
d
t h
e r
m a
l
e f
f i
c i
e n
c y
b u
i l
d i
n g
s t
a n
d a
r d
s .
M i
n n
e s
o t
a
a n
d
W i
s c
o n
s i
n h
a v
e
l i
g h
t i
n g
e f
f i
c i
e n
c y
s t
a n
d a
r d
s
a n
d
e n
e r
g y
e f
f i
c i
e n
t p
r o
c u
r e
m e
n t
s t
a n
d a
r d
s .
W i
s c
o n
s i
n
h a
s
e s
t a
b l
i s
h e
d
u t
i l
i t
y
r a
t e
r e
f o
r m
w h
i l
e
M i
c h
i g
a n
h a
s
a
n o
n -
r e
t u
r n
a b
l e
b o
t t
l e
b a
n .
T h
e
v a
r i
a t
i o
n
i n
s t
a t
e
l e
a d
e r
s h
i p
i s
c o
n s
i d
e r
a b
l e
.
E n
e r
g y
c o
n s
u m
p t
i o
n
i s
d e
p e
n d
e n
t
o n
t h
e
e n
e r
g y
e f
f i
c i
e n
c y
o f
e x
i s
t i
n g
p r
o d
u c
t s
,
f a
c i
l i
t i
e s
a n
d
e q
u i
p m
e n
t
a n
d
t h
e
w a
y
t h
e s
e
a r
e
o p
e r
a t
e d
o r
u s
e d
.
E n
e r
g y
c o
n s
u m
p t
i o
n
p a
t t
e r
n s
c a
n
b e
a l
t e
r e
d
b y
c h
a n
g i
n g
o n
e
o r
b o
t h
o f
t h
e s
e
f a
c t
o r
s .
E n
e r
g y
t c
o n
s e
r v
i n
g
p r
o d
u c
t s
c a
n
b e
m a
d e
m o
r e
e f
f i
c i
e n
t
i n
t h
e
s h
o r
t
r u
n
b y
r e
t r
o f
i t
a n
d
i n
t h
e
l o
n g
r u
n
b y
r e
p l
a c
e m
e n
t .
A l
t e
r i
n g
t r
a d
i t
i o
n a
l
e n
e r
g y
u s
e
p a
t t
e r
n s
i n
v o
l v
e s
c h
a n
g i
n g
t h
e
w a
y
i n
d i
v i
d u
a l
s a
n d
o r
o r
g a
n i
z a
t i
o n
s
c a
r r
y
o u
t
d a
i l
y
a c
t i
v i
t i
e s
,
s u
c h
a s
t h
e
u s
e
o f
h o
m e
a p
p l
i a
n c
e s
.
P o
l i
c y
o p
t i
o n
s
t o
a c
h i
e v
e
c o
n s
e r
v a
t i
o n
h a
v e
b e
e n
c a
t e
g o
r i
z e
d
a s
v o
l u
n t
a r
y ,
i n
d i
r e
c t
m a
r k
e t
i n
t e
r v
e n
t i
o n
a n
d
d i
r e
c t
m a
r k
e t
i n
t e
r v
e n
t i
o n
.
V o
l u
n t
a r
y
a p
p r
o a
c h
e s
a r
e
i n
f o
r m
a t
i o
n /
a w
a r
e n
e s
s p
r o
g r
a m
s
t o
e n
c o
u r
a g
e
c o
n s
u m
e r
s
o f
e n
e r
g y
t o
i m
p l
e m
e n
t
s a
v i
n g
s
s u
c h
a s
i n
s u
l a
t i
n g
t h
e i
r
h o
m e
s .
T h
e
i n
d i
r e
c t
m a
r k
e t
i n
t e
r v
e n
t i
o n
s
a p
p r
o a
c h
i n
v o
l v
e s
f i
n a
n c
i a
l i
n c
e n
t i
v e
s /
d i
s i
n c
e n
t i
v e
s t o
r a
i s
e t
h e
e f
f e
c t
i v
e
p r
i c
e
o f
e n
e r
g y
o r
t o
l o
w e
r
t h
e
r e
a l
c o
s t
o f
e n
e r
g y
e f
f i
c i
e n
c y
a c
t i
o n
s .
F i
n a
n c
i a
l
i n
c e
n t
i v
e s
t o
c o
n s
e r
v e
e n
e r
g y
m i
g h
t
i n
c l
u d
e
t a
x
c r
e d
i t
s ,
g r
a n
t s
,
l o
w
i n
t e
r e
s t
l o
a n
s ,
o r
l o
a n
g u
a r
a n
t e
e s
t o
i n
s t
a l
l c
o n
s e
r v
a n
c y
e q
u i
p m
e n
t .
D i
s i
n c
e n
t i
v e
s s u
c h
a s
g a
s o
l i
n e t
a x
e s
o r
e n
e r
g y
u s
e r
t a
x e
s c
a n
a l
s o
b e
e n
a c
t e
d .
A n
o t
h e
r a
p p
r o
a c
h i
s
d i
r e
c t
m a
r k
e t
i n
t e
r v
e n
t i
o n w
h i
c h
r e
l i
e s
o n
g o
v e
r n
m e
n t
a l r
e g
u l
a t
i o
n o r
r e
s t
r i
c t
i o
n o f
e n
e r
g y
u s
e .
E x
a m
p l
e s
o f
t h
i s
a p
p r
o a
c h
i n
c l
u d
e m
a n
d a
t o
r y
e n
e r
g y
e f
f i
c i
e n
c y
s t
a n
d a
r d
s f
o r
a u
t o
m o
b i
l e
s ,
h o
m e
a p
p l
i a
n c
e s
a n
d
b u
i l
d i
n g
s ,
o r
r e
s t
r i
c t
i o
n s o
n
g a
s o
l i
n e
c o
n s
u m
p t
i o
n t h
r o
u g
h
r a
t i
o n
i n
g .
I n
t h
e
n e
a r
t e
r m
,
m a
n d
a t
o r
y m
e a
s u
r e
s
w i
l l
r e
a l
i z
e
a
l a
r g
e r
p e
r c
e n
t a
g e
o f
p o
t e
n t
i a
l s
a v
i n
g s
t h
a n
v o
l u
n t
a r
y m
e a
s u
r e
s .
A s
e n
e r
g y
p r
i c
e s
r i
s e
a n
d
c o
n s
u m
e r
s
b e
c o
m e
m o
r e
c o
n v
i n
c e
d
o f
t h
e
c o
n t
i n
u i
n g
n a
t u
r e
o f
t h
e
p r
o b
l e
m ,
t h
e
d e
g r
e e
o f
i m
p l
e m
e n
t a
t i
o n o
f
v o
l u
n t
a r
y m
e a
s u
r e
s w
i l
l
i n
c r
e a
s e
.
T h
e
p o
t e
n t
i a
l
f o
r
e n
e r
g y
e f
f i
c i
e n
c y
i n
t h
e
G r
e a
t
L a
k e
s
b a
s i
n
w i
l l
d e
p e
n d
t o
a
c o
n s
i d
e r
a b
l e
e x
t e
n t
o n
g o
v e
r n
m e
n t
l e
a d
e r
s h
i p
a n
d
i n
i t
i a
t i
v e
.
U .
S .
f e
d e
r a
l
r e
g u
l a
t i
o n
s
h a
v e
h a
d
a n
i n
c r
e a
s i
n g
i m
p a
c t
o n
s t
a t
e
a n
d
l o
c a
l
e n
e r
g y
c o
n s
e r
v a
t i
o n
p o
l i
c y
a n
d
a c
t i
o n
s i
n
t h
e
r e
g i
o n
.
F e
d e
r a
l a
g e
n c
i e
s i
n v
o l
v e
d i
n
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 i m
p l
e m
e n
t a
t i
o n
o f
e n
e r
g y
e f
f i
c i
e n
c y
p r
a c
t i
c e
s
i n
c l
u d
e
t h
e
D e
p a
r t
m e
n t
s
o f
E n
e r
g y
, C
o m
m e
r c
e a
n d
A g
r i
c u
l t
u r
e .
A r
e a
s r
e g
u l
a t
e d
f o
r e
n e
r g
y c
o n
s e
r v
a t
i o
n
p u
r p
o s
e s
b y
U .
S .
f e
d e
r a
l
a g
e n
c i
e s
i n
c l
u d
e
m o
t o
r
v e
h i
c l
e s
,
m a
j o
r
a p
p l
i a
n c
e s
,
b u
i l
d i
n g
s t
a n
d a
r d
s ,
u t
i l
i t
y r
a t
e
s t
r u
c t
u r
e s
, i
n d
u s
t r
i a
l
e q
u i
p m
e n
t e
f f
i c
i e
n c
y ,
e n
v i
r o
n m
e n
t a
l
e m
i s
s i
o n
s
a n
d
l i
g h
t i
n g
s t
a n
d a
r d
s
a m
o n
g
o t
h e
r s
.
A l
l
s e
c t
o r
s
a r
e
a f
f e
c t
e d
i n
c l
u d
i n
g t
r a
n s
p o
r t
a t
i o
n , r
e s
i d
e n
t i
a l
, c o
m m
e r
c i
a l
, i n
d u
s t
r i
a l
,
a g
r i
c u
l t
u r
e ,
a n
d
u t
i l
i t
i e
s .
A
b r
i e
f
r e
v i
e w
o f
s e
c t
o r
c h
a r
a c
t e
r i
s t
i c
s ,
a n
d
p r
o b
l e
m s
a n
d
e n
e r
g y
e f
f i
c i
e n
c y
o p
p o
r t
u n
i t
i e
s
w i
l l
i n
d i
c a
t e
p o
t e
n t
i a
l
s a
v i
n g
s
i n
t h
e
r e
g i
o n
.
T r a n s p o r t a t i o n
T h
e
t r
a n
s p
o r
t a
t i
o n
s e
c t
o r
c o
n s
i s
t s
o f
a u
t o
m o
b i
l e
s ,
b u
s e
s ,
t r
u c
k s
,
a i
r c
r a
f t
,
r a
i l
r o
a d
s ,
b a
r g
e s
,
s h
i p
p i
n g
,
p i
p e
l i
n e
s
a n d
o t
h e
r
m o
d e
s
o f
m o
v i
n g
p e
o p
l e
a n
d
t h
i n
g s
.
T h
e
e n
e r
g y
c o
n s
u m
e d
b y
t h
i s
s e
c t
o r
i s
e s
s e
n t
i a
l l
y
p e
t r
o l
e u
m
o r
a
d e
r i
v a
t i
v e
a n d
d i
r e
c t
l y
r e
l a
t e
d
t o
t h
e
p r
o b
l e
m
o f
i m
p o
r t
e d
o i l
.
T r
a n
s p
o r
t a
t i
o n
i n
t h
e
b a
s i
n
s t
a t
e s
u s
e d
5 .
9 4
x
1 0
1 8
J
i n
1 9 8
0 .
A t
2 2
. 1
%
o f
t h
e
r e
g i
o n
' s
t o t
a l
e n
e r
g y
u s e
,
i t
w a
s
l e
s s
t h
a n
t h
e
U . S
.
a v
e r
a g
e
o f
2 6
. 3
%
o f
a l l
e n
e r
g y
u s
e d
.
T h
e
P r
o v
i n
c e
o f
O n
t a
r i
o
i n
c o
n t
r a
s t
u s
e d
n e
a r
l y
2 8
%
o f
i t s
e n
e r
g y e
x p
e n
d i
t u
r e i
n t
r a
n s
p o
r t
a t
i o
n i n
1 9 7
8 .
T h
e
a u
t o
m o
b i
l e
d o
m i
n a
t e
s
e n
e r
g y
c o
n s
u m
p t
i o
n
i n
t h
e
t r
a n
s p
o r
t a
t i
o n
s e
c t
o r
.
A t
t e
n t
i o
n h
a s
b e
e n
d i
r e
c t
e d
a t
r e
d u
c i
n g
h i
g h
w a
y v
e h
i c
l e
f u
e l
d e
m a
n d
b y
p r
o g
r a
m s
t o
( 1 )
i m
p o
s e
e f
f i
c i
e n
c y
o f
v e
h i
c l
e s
,
( 2
)
i n
c r
e a
s e
c o
n s
u m
e r
p r
e f
e r
e n
c e
f o
r
e n
e r
g y
e f
f i
c i
e n
t a
u t
o m
o b
i l
e s
, (
3 )
l o
w e
r h
i g
h w
a y
s p
e e
d
l i
m i
t s
,
( 4 )
e n
c o
u r
a g
e
g r
e a
t e
r
u s
e
o f
c a
r
p o
o l
s
a n
d
v a
n
p o
o l
s ,
a n
d
( 5 )
e n
c o
u r
a g
e
g r
e a
t e
r a
v a
i l
a b
i l
i t
y a n
d u
s e
o f
m a
s s
t r
a n
s p
o r
t a
t i
o n
.
T h
e
m a
j o
r
i n
i t
i a
t i
v e
h a
s
b e
e n
t h
e
e s
t a
b l
i s
h m
e n
t
o f
a u
t o
f u
e l
e f
f i
c i
e n
c y
s t
a n
d a
r d
s
w h
i c
h
r e
q u
i r
e
a
f l
e e
t
a v
e r
a g
e
o f
1 2
. 8
L /
1 0
0
k m
i n
1 9
8 1
,
i n
c r
e a
s i
n g
t o
1 0
. 3
L /
l O
O
k m
i n
1 9
8 5
.
T h
e
i n
c r
e a
s e
d
e f
f i
c i
e n
c y
s p
u r
r e
d
b y
h i
g h
e r
f u
e l
p r
i c
e s
,
f u
e l
s h
o r
t a
g e
s
a n
d
i n
c r
e a
s e
d
c o
n s
u m
e r
a w
a r
e n
e s
s
i s
c r
e d
i t
e d
f o
r
m a
j o
r
d e
c r
e a
s e
s
i n
f u
e l
c o
n s
u m
p t
i o
n
p e
r
v e
h i
c l
e
s i
n c
e
1 9
7 3
.
T h
e
r a
t e
o f
i n
c r
e a
s e
 
,
”
7
"
,
,
“
,
,
,
w
-
x
!
?
ﬂ
'
ﬁ
w
x
y
g
:
4
.
.
,
.
.
.
.
_
,
.
,
,
,
,
.
.
—
7
1
,
m
.
n
.
.
.
.
.
m
,
.
.
.
q
.
,
.
 f o
r
t h
e
U .
S .
w a
s
2 .
2 %
p e
r
y e
a r
b e
t w
e e
n
1 9
7 3
a n
d
1 9
7 8
a s
o p
p o
s e
d
t o
a
h i
s t
o r
i c
a l r
a t
e o
f 2
. 7
% .
T h
e G
r e
a t
L a
k e
s s
t a
t e
s ,
o n
t h
e o
t h
e r
h a
n d
s h
o w
e d
a n
i n
c r
e a
s e
o f
a p
p r
o x
i m
a t
e l
y
4 /
1 0
o f
1 %
d u
r i
n g
t h
e
s a
m e
p e
r i
o d
.
M o
s t
p r
o g
r a
m s
t o
i m
p r
o v
e t
h e
f u
e l
e c
o n
o m
y o
f
v e
h i
c l
e s
a r
e b
e i
n g
i m
p l
e m
e n
t e
d a t
t h
e f
e d
e r
a l
l e
v e
l .
S t
a t
e
e n
e r
g y
e f
f i
c i
e n
c y
a c
t i
v i
t i
e s
i n
t h
i s
s e
c t
o r
i n
v o
l v
e
m o
s t
l y
v o
l u
n t
a r
y m e
a s
u r
e s
.
C a
r a
n d
v a
n p
o o
l i
n g
t o
i n
c r
e a
s e
c o
m m
u t
i n
g l
o a
d f
a c
t o
r s
a r
e
l i
k e
l y
t o
b e
a
m a
j o
r
s t
a t
e
p r
o g
r a
m
i n
t h
e
n e
a r
f u
t u
r e
.
I f
i n
s t
i t
u t
i o
n a
l
b a
r r
i e
r s a
r e
r e
m o
v e
d a n
d g
a s
o l
i n
e a n
d p
a r
k i
n g p
r i
c e
s i
n c
r e
a s
e , t
h i
s m
e a
s u
r e
c o
u l
d
a c
h i
e v
e
a b
o u
t
3 5
%
o f
i t
s
p o
t e
n t
i a
l .
T h
e
N a
t i
o n
a l
P e
t r
o l
e u
m
C o
u n
c i
l
e s
t i
m a
t e
s m
a x
i m
u m
s a
v i
n g
s c
o u
l d
r e
a c
h
1 5
%
o f
e n
e r
g y
c o
n s
u m
p t
i o
n i
n
t h
e
t r
a n
s p
o r
t a
t i
o n
s e
c t
o r
.
T h
e
a c
h i
e v
a b
l e
r a
t e
o f
3 5
%
( 5
. 2
5 %
)
t r
a n
s l
a t
e s
i n
t o
r e
g i
o n
a l
s a
v i
n g
s
f r
o m
t h
i s
s i
n g
l e
m e
a s
u r
e
o f
3 4
4
x
1 0
1 5
J ,
s l
i g
h t
l y
o v
e r
1 %
o f
t h
e 1
9 7
8 r
e g
i o
n a
l e
n e
r g
y u
s e
.
N e
a r
t e
r m
p o
t e
n t
i a
l s a
v i
n g
s a
r e
m o
r e
m o
d e
s t
.
I n
s c
e n
a r
i o
s
d e
v e
l o
p e
d
b y
C O
N A
E S
,
e n
e r
g y
u s
e
i n
t r
a n
s p
o r
t a
t i
o n
c o
u l
d
v a
r y
o v
e r
a
w i
d e
r a
n g
e i
n
t h
e y
e a
r s
a h
e a
d .
I n
a
f u
t u
r e
t h
a t
w o
u l
d p
l a
c e
s i
g n
i f
i c
a n
t
c o
n s
t r
a i
n t
s
o n
e n
e r
g y
u s
e
( p
r i
c e
s
q u
a d
r u
p l
e d
b y
y e
a r
2 0
0 0
)
w i
t h
o u
t
g r
e a
t l
y a
f f
e c
t i
n g l
i f
e s
t y
l e
s , h
i g
h e
r f
u e
l p
r i
c e
s h
a v
e r
e s
u l
t e
d i n
e f
f i
c i
e n
c y
i m
p r
o v
e m
e n
t s
.
( I
t
i s
n o
t e
d
t h
a t
o i
l
p r
i c
e
i n
c r
e a
s e
s
i n
1 9
7 9
a l
o n
e
e x
c e
e d
e d
f o
r e
c a
s t
s
t h
r o
u g
h
1 9
9 0
) .
A s
s u
m p
t i
o n
s
a r
e
t h
a t
a u
t o
f l
e e
t
f u
e l
e c
o n
o m
i e
s
a r
e
i n
c r
e a
s e
d
t o
7 .
6
L /
1 0
0
k m
.
H i
g h
e r
v e
h i
c l
e
e f
f i
c i
e n
c i
e s
a n
d
l o
a d
f a
c t
o r
s
r e
d u
c e
t h
e
u s
e
o f
e n
e r
g y
i n
e v
e r
y
m o
d e
.
T h
i s
s c
e n
a r
i o
s u
g g
e s
t s
t h
a t
e n
e r
g y
u s
e
i n
t h
e
t r
a n
s p
o r
t a
t i
o n
s e
c t
o r
w o
u l
d
d e
c l
i n
e
b y
n e
a r
l y
4 .
2
x
1 0
J
b y
2 0
1 0
,
r e
f l
e c
t e
d i
n
t h
e
G r
e a
t L
a k
e s
b a
s i
n b
y
a
d r
o p
o f
2 5
% .
C o m m e r c i a l a n d I n d u s t r i a l S e c t o r s
 
T h
e s
e
t w
o
s e
c t
o r
s
h a
v e
p r
o b
a b
l y
b e
e n
m o
r e
e n
e r
g y
c o
n s
c i
o u
s
t h
a n
t h
e
r e
s i
d e
n t
i a
l
s e
c t
o r
h a s
.
O n
e
r e
a s
o n
f o
r
t h i
s
w o
u l
d
s i
m p
l y
b e
t h
e
f a
c t
t h
a t
b u
s i
n e
s s
p e
o p
l e
i n
b o
t h
t h
e s
e
s e
c t
o r
s
t a
k e
b o
t h
i n
i t
i a
l
a n d
o p
e r
a t
i n
g
c o
s t
s
i n t
o
a c
c o
u n
t
i n
t h
e
d e
c i
s i
o n
m a
k i
n g
p r
o c
e s
s .
T h
i s
w o
u l
d
t e
n d
t o
e n
c o
u r
a g
e
a
g r
e a
t e
r
d e
g r
e e
o f
e n
e r
g y
e f
f i
c i
e n
c y
a s
a
r e
s p
o n
s e
t o
r i
s i
n g
r e a
l
e n
e r
g y
p r
i c
e s
t h
a n
o n
e
w o
u l
d
e x
p e
c t
i n
t h
e
r e
s i
d e
n t
i a
l
s e
c t
o r
,
w h
e r
e
n o
p u
b l
i c
p o
l i
c i
e s
t o
w a
r d
s
e n
e r
g y
e f
f i
c i
e n
c y
e x
i s
t e
d .
4 5
  
 
I n
t h
e s
e
s e
c t
o r
s ,
o n
e
m i
g h
t
e x
p e
c t
t o
o b
s e
r v
e
c h
a n
g e
s
i n
b u
s i
n e
s s
a c
t i
v i
t i
e s
( e .
g .
e q
u i
p m
e n
t u
t i
l i
z a
t i
o n
) i n
t h
e s
h o
r t
- r
u n
a n d
c h
a n
g e
s i
n t
h e
e q
u i
p m
e n
t
s t
o c
k
a n d
b u
s i
n e
s s
p r
a c
t i
c e
s
i n
t h
e
l o
n g
e r
r u n
.
P r
o j
e c
t e
d
s a
v i
n g
s
f r
o m
e n
e r
g y
c o
n s
e r
v a
t i
o n m
e a
s u
r e
s i n
e x
i s
t i
n g c
o m
m e
r c
i a
l b u
i l
d i
n g
s r a
n g
e f
r o
m
5 -
3 0
%
d e
p e
n d
i n
g
u p
o n
t h
e
c h
a n
g e
s
i n
o p
e r
a t
i o
n
a n d
c o
n t
r o
l s
i m
p l
e m
e n
t e
d
( A
l l
e n g
t a
l . ,
1 9
7 9
) .
V a
r i
o u
s a l
t e
r n
a t
i v
e s r a
n g
i n
g f r
o m
t u
r n
i n
g o f
f u
n u
s e
d
l i
g h
t s
t o
r e
c y
c l
i n
g
r e
c o
v e
r e
d
h e
a t
f r
o m
l i
g h
t i
n g
f i
x t
u r
e s
e x
i s
t
a s
w a
y s
t h
i s
o b
j e
c t
i v
e
m a
y
b e a t
t a
i n
e d
.
A g r i c u l t u r a l S e c t o r
T h e
t o t
a l
e n e
r g y
i n p
u t
t o
b r i
n g
f o o
d
t o
t h e
t a b
l e
f r o
m
s o w
n
s e e
d
h a s
b e e
n
e s t
i m a
t e d
t o
b e
f r o
m
1 2
t o
2 1 %
o f
t o t
a l
U . S
.
e n e
r g y
c o n
s u m
p t i
o n .
O f
t h i
s
a m o
u n t
,
3 t
o
4 %
i s
c o n
s u m
e d
d i r
e c t
l y
o n
t h e
f a r
m .
E f f
i c i
e n t
u s e
o f
e n e
r g y
i n
t h e
a g r
i c u
l t u
r a l
s e c
t o r
c a n
t a k
e
t h r
e e
g e n
e r a
l
a p p
r o a
c h e
s :
C h a
n g e
s
i n
f a r
m
p r a
c t i
c e s
a n d
e q u
i p m
e n t
t e c
h n o
l o g
y ,
2 .
C o n
v e r
s i o
n
o f
b i a
n a s
s
i n t
o
e n e
r g y
s u p
p l i
e s
( s e
e
s e c
t i o
n
o n
b i o
m a s
s ) ,
a n d
3 .
l i n
k a g
e
w i t
h
m u n
i c i
p a l
w a s
t e w
a t e
r
s y s
t e m
s
( f a
r m -
c i t
y - l
o o p
)
t h a
t
p r o
v i d
e s
t h e
a g r
i c u
l t u
r a l
s e c
t o r
w i t
h
a
n u t
r i e
n t
s u p
p l y
,
i r r
i g a
t i o
n
w a t
e r ,
a n d
r e d
u c e
d
t r a
n s p
o r t
c o s
t s
f o r
f o o
d .
A
n u
m b
e r
o f
f a
r m
p r
a c
t i
c e
s
m a
y
b e
a l
t e
r e
d
t o
s a
v e
e n
e r
g y
.
T h
e s
e
i n
c l
u d
e :
i m
p r
o v
e d
t h
e r
m a
l
e f
f i
c i
e n
c y
o f
b u
i l
d i
n g
s ,
e f
f i
c i
e n
t u
s e
o f
f a
r m
e q
u i
p m
e n
t ,
e f
f i
c i
e n
t
c r
o p
d r
y i
n g
,
r e
d u
c e
d
t i
l l
a g
e
o p
e r
a t
i o
n ,
a n d
m o
r e
e f
f i
c i
e n
t
i r
r i
g a
t i
o n
a n d f e
r t
i l
i z
e r
a p
p l
i c
a t
i o
n s
.
A s
o b s
e r v
e d
i n
o t h
e r
s e c
t o r
s ,
f a c
t o r
s
s u c
h
a s
f i n
a n c
i a l
i n c
e n t
i v e
s ,
e d u
c a t
i o n
p r o
g r a
m s
a n d
e n f
o r c
e m e
n t
o f
m a n
d a t
o r y
m e a
s u r
e s
a f f
e c t
t h e
e x t
e n t
o f
e n e
r g y
e f f
i c i
e n c
y i
n t
h e
a g r
i c u
l t u
r a l
s e c
t o r
,
p a r
t i c
u l a
r l y
e f f
i c i
e n c
y
s t a
n d a
r d s
f o r
f a r
m
b u i
l d i
n g s
a n d
e q u
i p m
e n t
.
O n e
r e s
e a r
c h e
r
h a s
e s t
i m a
t e d
p o t
e n t
i a l
e n e
r g y
s a v
i n g
s
f r o
m
i m p
r o v
e d
O p e
r a t
i o n
a n d
m a i
n t e
n a n
c e
o f
f a r
m
p o w
e r
e q u
i p m
e n t
t o
b e
a b o
u t
3 0 %
.
N e a
r
t e r
m
i m p
l e m
e n t
a t i
o n
r a t
e s
f o r
t h e
s e
m e a
s u r
e s
4 6
 
r
.
v
.
‘
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:
a
m
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‘
m
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~
v
a
n
-
u
.
-
.
  
 
a r e
e x
p e
c t
e d
t o
b e
3 3 %
.
A s
a
r e
s u
l t
,
g a s
c o
n s
u m
p t
i o
n
s a
v i
n g
s
a n d
d i
e s
e l
f u
e l
s a
v i
n g
a r e
e s
t i
m a
t e
d t o
b e
a p
p r
o x
i m
a t
e l
y 9 a
n d
1 2 %
, r
e s
p e
c t
i v
e l
y .
M i
n i
m u
m
t i
l l
a g
e
t e
c h
n i
q u
e s
e l
i m
i n
a t
e
s o
m e
o p
e r
a t
i o
n s
b u t
r e
p l
a c
e
t h
e m
w i
t h
c h
e m
i c
a l
u s e
.
A s
a r
e s
u l
t ,
t h
e
n e t
e n
e r
g y
s a
v e
d f
r o
m r
e d
u c
i n
g t
i l
l a
g e
o n
a
f i
e l
d
i s
l e s
s
t h
a n
t h
e
f u e
l
s a
v e
d
f r
o m
t h
e
p r
o c
e s
s
c h
a n
g e
,
w h
i c
h
c a n
r u n
u p
t o
a
5 0
%
d e
c l
i n
e
i n
g a s
a n d
d i
e s
e l
f u e
l
u s e
.
C r
o p
d r
y i
n g
p r
a c
t i
c e
s
a n d
f e
r t
i l
i z
e r
u s e
c a n
b e
a l
t e
r e
d
i n
a n
e f
f o
r t
t o
r e
d u
c e
e n
e r
g y
u s e
.
H i
g h
s p
e e
d
c r
o p
d r
y i
n g
r e
l i
E s
o n
p r
o p
a n
e ,
n a
t u
r a
l
g a s
,
o r
e l
e c
t r
i c
i t
y .
I t
h a s
b e
e n
e s
t i
m a
t e
d
t h
a t
a l
t e
r n
a t
i v
e s
t o
h i
g h
s p
e e
d
c r
o p
d r
y i
n g
h a
v e
b e
e n
s h
o w
n
t o
r e
s u
l t
i n a 2 5
- 5
0 %
r e
d u
c t
i o
n
i n f u
e l u s e
.
L a
s t
l y
,
i r
r i
g a
t i
o n
a l
s o
r e
q u
i r
e s
e n
e r
g y
f o
r
p u
m p
i n
g .
C h
a n
g i
n g
i r
r i
g a
t i
o n
p r
a c
t i
c e
s a
n d
e q
u i
p m
e n
t t
e c
h n
o l
o g
y c a
n r
e s
u l
t i
n e
n e
r g
y s
a v
i n
g s
h e
r e
a l s
o .
I n
a d
d i
t i
o n
,
a g
r i
c u
l t
u r
e
m a
y
p r
o v
i d
e
a n
a l
t e
r n
a t
i v
e
s o
u r
c e
o f
r a
w
m a
t e
r i
a l
f o
r
a l
c o
h o
l f u
e l
p r
o d
u c
t i
o n
. C r
o p
s h
a v
e b
e e
n g
r o
w n
f o
r e
n e
r g
y p r
o d
u c
t i
o n
.
A g
r i
c u
l t
u r
e
m a
y
b e
a
s u
p p
l y
r a
t h
e r
t h
a n
a
d e
m a
n d
s o
u r
c e
u n
d e
r
c e
r t
a i
n
e c
o n
o m
i c
c o
n d
i t
i o
n s
.
T h e
a g r
i c u
l t u
r a l
s e c
t o r
t h r
o u g
h b
i o m
a s s
c o n
v e r
s i o
n h
a s
t h e
p o t
e n t
i a l
t o
b e c
o m e
s e l
f - s
u f f
i c i
e n t
w i t
h
r e s
p e c
t
t o
o n -
f a r
m
f u e
l
u s e
.
C o u
p l e
d
w i t
h
c h a
n g e
s
i n
f a r
m
p r a
c t i
c e s
t h a
t
l e a
d
t o
m o r
e
e f f
i c i
e n t
u s e
o f
e n e
r g y
,
f a r
m s
m a y
e v e
n
b e
a b l
e
t o
e x p
o r t
e n e
r g y
t o
o t h
e r
s e c
t o r
s
o f
t h e
e c o
n o m
y .
A
d a i
r y
f a r
m
i n
P a r
n a ,
M i c
h i g
a n
h a s
i n s
t a l
l e d
a n
a e r
o b i
c
d i g
e s t
i o n
s y s
t e m
w h i
c h
h a s
m a d
e
t h i
s
l a r
g e
d a i
r y
o p e
r a t
i o n
( s e
c o n
d
l a r
g e s
t
i n
t h e
s t a
t e )
e n e
r g y
s e l
f - s
u f f
i c i
e n t
.
P l a
n s
a r e
u n d
e r w
a y
t o
e x p
a n d
t h e
g e n
e r a
t i n
g
c a p
a c i
t y
s o
t h a
t
t h e
d a i
r y
c a n
s e l
l
e l e
c t r
i c i
t y
t o t h e g r i
d .
E n e r g y E f f i c i e n c y i n P u b l i c S e r v i c e s
A
c o m m u n i t y ,
i n
o r d e r
t o
f u n c t i o n ,
n e e d s
a s e r i e s
o f
p u b l i c
s e r v i c e s
s u c h
a s
p o w e r ,
c o o l i n g ,
h e a t i n g ,
w a t e r
s u p p l y ,
w a s t e
d i s p o s a l ,
t r a n s p o r t a t i o n
a n d
c o m
m u n
i c a
t i o
n s .
T h e
s e
s e r
v i c
e s
a r e
g e n
e r a
l l y
p r o
v i d
e d
w i t
h m
i n i
m u m
c o o
r d i
n a t
i o n
-
s o m
e t i
m e s
i n
c o m
p e t
i t i
o n
w i t
h
e a c
h
o t h
e r .
T h i
s
r e s
u l t
s
i n
h i g
h
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 e n
e r
g y
w a
s t
e ,
e n
v i
r o
n m
e n
t a
l
d e
g r
a d
a t
i o
n
a n
d
e c
o n
o m
i c
l o
s s
.
A n
e x
a m
p l
e
o f
h i
g h
e n
e r
g y
w a
s t
e i
s
t h
e
t y
p i
c a
l U
. S
.
p o
w e
r p
l a
n t
.
T h
e s
e p
l a
n t
s i
n
t h
e
U .
S .
c u
r r
e n
t l
y
p r
o d
u c
e
u s
e f
u l
e l
e c
t r
i c
a l
o u
t p
u t
a t
e f
f i
c i
e n
c i
e s
o f
a p
p r
o x
i m
a t
e l
y
3 5
% .
T h
a t
i s
,
t h
r e
e
J o
u l
e s
o f
f o
s s
i l
f u
e l
i n
p u
t
p r
o d
u c
e
a b
o u
t
o n
e
J o
u l
e
o f
e l
e c
t r
i c
a l
p o
w e
r
w i
t h
t w
o
J o
u l
e s
w a
s t
e d
t o
t h
e
e n
v i
r o
n m
e n
t
a s
h e
a t
.
C u
r r
e n
t
d i
s t
r i
c t
h e
a t
i n
g p
r a
c t
i c
e s
i n
E u
r o
p e
,
h o
w e
v e
r ,
u s
e
t h
e
w a
s t
e
h e
a t
f r
o m
e l
e c
t r
i c
a l
g e
n e
r a
t i
o n
t o
p r
o v
i d
e
h e
a t
i n
g
f o
r
d o
m e
s t
i c
,
c o
m m
e r
c i
a l
a n
d
i n
d u
s t
r i
a l
p u
r p
o s
e s
, n
e a
r l
y d
o u
b l
i n
g t
h e
o v
e r
a l
l
e n
e r
g y
u t
i l
i z
a t
i o
n e
f f
i c
i e
n c
y .
B e
c a
u s
e
o f
t h
e
e n
v i
r o
n m
e n
t a
l
d e
g r
a d
a t
i o
n
a s
s o
c i
a t
e d
w i
t h
t h
e s
e
c o
m m
u n
i t
y
s e
r v
i c
e s
, m
a j
o r
f e
d e
r a
l
p r
o g
r a
m s
i n
t h
e
U .
S .
E n
v i
r o
n m
e n
t a
l P
r o
t e
c t
i o
n A
g e
n c
y
h a
v e
e v
o l
v e
d
t o
a s
s e
s s
,
i m
p r
o v
e
a n
d
r e
g u
l a
t e
t h
e
t e
c h
n o
l o
g i
e s
a n
d
p r
a c
t i
c e
s
s u
p p
l y
i n
g t
h e
s e
r v
i c
e s
.
B e
c a
u s
e o
f
h i
g h
e n
e r
g y
w a
s t
e ,
o t
h e
r
f e
d e
r a
l
p r
o g
r a
m s
h a
v e
a l
s o
e v
o l
v e
d
t o
a s
s e
s s
a n
d
i m
p r
o v
e
t h
e s
e
t e
c h
n o
l o
g i
e s
a n
d
p r
a c
t i
c e
s
i n
o r
d e
r
t o
m i
n i
m i
z e
w a
s t
e o
f
e n
e r
g y
.
T h
e s
e e
f f
o r
t s
h a
v e
p r
o d
u c
e d
a
v a
r i
e t
y o
f
t e
c h
n o
l o
g i
e s
a n
d
p r
a c
t i
c e
s
f o
r
t h
e
v a
r i
o u
s
s e
r v
i c
e s
i n
t h
e
c o
m m
u n
i t
y
a n
d ,
i n
s o
m e
c a
s e
s ,
t e
c h
n o
l o
g i
e s
f o
r
p a
r t
i a
l
i n
t e
g r
a t
i o
n o
f
t h
e s
e
s e
r v
i c
e s
, e
s p
e c
i a
l l
y
f o
r
s m
a l
l
s y
s t
e m
s .
I n
t e
g r
a t
i o
n
o f
t h
e
p r
o c
e s
s e
s
a n
d
p r
a c
t i
c e
s
w i
t h
i n
t h
e s
e
i n
d i
v i
d u
a l
s e
r v
i c
e s
i n
t o
c o
o r
d i
n a
t e
d
s e
r v
i c
e
s y
s t
e m
s
o f
f e
r s
g r
e a
t
p o
t e
n t
i a
l
f o
r
e n
e r
g y
e f
f i
c i
e n
c y
a n
d
e n
v i
r o
n m
e n
t a
l i
m p
r o
v e
m e
n t
.
T h
i s
t y
p e
o f
i n
t e
g r
a t
i o
n h
a s
a l
r e
a d
y
b e
g u
n .
T h
e
i n
t e
g r
a t
e d
c o
m m
u n
i t
y
e n
e r
g y
s y
s t
e m
s
( I
C E
S )
o f
t h
e
U .
S .
D e
p a
r t
m e
n t
o f
E n
e r
g y
( D
O E
) ,
t h
e
m o
d u
l a
r
i n
t e
g r
a t
e d
u t
i l
i t
y
s y
s t
e m
s
( M
I U
S )
o f
t h
e
D e
p a
r t
m e
n t
o f
H o
u s
i n
g
a n
d
U r
b a
n
D e
v e
l o
p m
e n
t
( H
U D
) ,
a n
d
t h
e
w o
r k
o f
E P
A
a n
d
D O
E
o n
d i
s p
o s
a l
o f
s o
l i
d
w a
s t
e s
a n
d
w a
s t
e w
a t
e r
s l
u d
g e
s
w i
t h
e n
e r
g y
a n
d
r e
s o
u r
c e
r e
c o
v e
r y
a r
e
i m
p o
r t
a n
t
e x
a m
p l
e s
a n
d
r e
p r
e s
e n
t
f i
r s
t
s t
e p
s
t o
w a
r d
f u
l l
y
i n
t e
g r
a t
e d
c o
m m
u n
i t
y
s e
r v
i c
e s
.
P r
i n
c i
p a
l
o p
p o
r t
u n
i t
i e
s
i n
i n
t e
g r
a t
i o
n
o f
s e
r v
i c
e s
f o
r
e n
e r
g y
e f
f i
c i
e n
c y
a n
d
e n
v i
r o
n m
e n
t a
l
i m
p r
o v
e m
e n
t
c a
n
a c
c r
u e
f r o m :
0
R e c o v e r y
o f
r e s o u r c e s
i n
s o l i d
w a s t e s .
0
R e c o v e r y
o f
e n e r g y
i n
s o l i d
w a s t e s .
o R e u s e o r s t a g e d u s e o f w a t e r .
0
D i s p o s a l
a n d
u s e
o f
m u n i c i p a l
s l u d g e
a s
d r y
f e r t i l i z e r
o r
e n e r g y
S O U Y ‘ C E S .
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 1
v
r
<
m
~
 
f
f
0
D e
c r
e a
s e
d
f u
e l
d e
m a
n d
f o
r
h e
a t
a n
d
e l
e c
t r
i c
i t
y
f r
o m
a
b a
l a
n c
e d
s y
s t
e m
o f
h e
a t
i n
g , c
o o
l i
n g
a n
d p
o w
e r
s e
r v
i c
e s (
D i
s t
r i
c t h
e a
t i
n g
) a n
d ;
0
R e
d u
c e
d
a i
r
p o
l l
u t
i o
n
f r
o m
d e
c r
e a
s e
d
f u
e l
u s
a g
e
a n
d
c e
n t
r a
l i
z e
d
a i
r
p o l l u t i o n c o n t r o l .
C o n p o n e n t T e c h n o l o g i e s
M a
n y
c o
m p
o n
e n
t
t e
c h
n o
l o
g i
e s
a n
d
p r
a c
t i
c e
s
f o
r
i n
t e
g r
a t
e d
c o
m m
u n
i t
y
s e
r v
i c
e
s y
s t
e m
s
a r
e
n o
w
b e
i n
g
d e
v e
l o
p e
d
i n
t h
e
p r
i v
a t
e
s e
c t
o r
a n
d
b y
v a
r i
o u
s
F e
d e
r a
l
a g
e n
c i
e s
s u
c h
a s
D O
E ,
E P
A ,
a n
d
H U
D ,
b u
t
u s
u a
l l
y
a s
i n
d e
p e
n d
e n
t
o r
a s
p a
r t
i a
l l
y
i n
t e
g r
a t
e d
s y
s t
e m
s .
A s
a n
e x
a m
a p
l e
,
t h
e
m o
s t
a d
v a
n c
e d
w o
r k
i s
t h
e
H U
D
M o
d u
l a
r
I n
t e
g r
a t
e d
U t
i l
i t
i e
s
S y
s t
e m
s
( M
I U
S )
.
D e
v e
l o
p e
d f
o r
t h
e
s m
a l
l
c o
m m
u n
i t
y o
r
n e
i g
h b
o r
h o
o d
,
t h
e
a p
p r
o a
c h
u n
f o
r t
u n
a t
e l
y
d o
e s
n o
t
s u
p p
l y
t h
e
t e
c h
n o
l o
g y
f o
r
i n
t e
g r
a t
i o
n
o f
f u
l l
s c
a l
e
e n
e r
g y
p l
a n
t s
( >
5 0
m e
g a
w a
t t
s )
a n
d
c o
r r
e s
p o
n d
i n
g
m u
n i
c i
p a
l
w a
s t
e s
a n
d
w a
s t
e w
a t
e r
s e
r v
i c
e s
.
T h
e
H U
D -
M I
U S
s t
u d
i e
s
h a
v e
c o
m p
l e
t e
d
t h
e
e n
e r
g y
a n
a l
y s
e s
o f
v a
r i
o u
s
i n
t e
g r
a t
e d
s y
s t
e m
s
a n
d
r e
v e
a l
e d
e n
e r
g y
s a
v i
n g
s ,
e x
c l
u d
i n
g
r e
s o
u r
c e
r e
c o
v e
r y
,
o f
u p
t o
5 0
p e
r c
e n
t .
K e y
i n t
e r f
a c e
c o m
p o n
e n t
s
f o r
f u l
l
s c a
l e
i n t
e g r
a t i
o n
o f
h e a
t i n
g ,
c o o
l i n
g ,
e l e
c t r
i c
p o w
e r ,
s o l
i d
w a s
t e
a n d
w a s
t e w
a t e
r
s e r
v i c
e
s y s
t e m
s
a r e
a v a
i l a
b l e
a n d
i n c
l u d
e :
0
E f f
i c i
e n t
p r e
h e a
t e r
b o i
l e r
s f
o r
r e c
o v e
r i n
g e
n e r
g y
f r o
m w
a s t
e s .
0
S o l
i d
w a s
t e
c l a
s s i
f i c
a t i
o n
s y s
t e m
s
f o r
r e s
o u r
c e
r e c
o v e
r y
a n d
f o r
w a s
t e
f u e
l
p r e
p a r
a t i
o n .
0
S l u
d g e
d e w
a t e
r i n
g
b y
a u t
o m a
t e d
f i l
t e r
p r e
s s e
s
f o r
a u t
o t h
e r m
i c
s l u
d g e
c a k
e s .
0 S y s
t e m
s
f o r s l u
d g e
d r y
i n g
.
0
C o n
v e r
s i o
n
s y s
t e m
s
f o r
f u e
l
g a s
p r o
d u c
t i o
n
f r o
m
s o l
i d
w a s
t e s
a n d
s l u
d g e
s .
T h e i n t e g r a t i o n n e e d s t o b e a c c e l e r a t e d .
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F i r s t G e n e r a t i o n I n t e g r a t e d C o m m u n i t y S e r v i c e S y s t e m s
T h e c u r r e n t c o m m u n i t y n e e d s i n d i s p o s a l o f m u n i c i p a l s l u d g e s a n d s o l i d
w a s t e
a n d
f o r
i m p r o v e d
a i r
a n d
w a t e r
q u a l i t y
c a n
b e
m i t i g a t e d
t h r o u g h
t h e
a p p l i c a t i o n
o f t h e s e
i n t e g r a t e d
c o m m u n i t y
s e r v i c e
s y s t e m s .
T h e s e
i n t e g r a t e d
s y s t e m s
w o u l d ,
a s
a m i n i m u m ,
i n c l u d e
b a l a n c e d
h e a t i n g ,
c o o l i n g
a n d
e l e c t r i c a l
p o w e r s u b s y s t e m s a n d a s o l i d w a s t e — m u n i c i p a l s l u d g e e n e r g y a n d r e s o u r c e
r e c o v e r y
s u b s y s t e m .
T h e
b a l a n c e d
e n e r g y
s u b s y s t e m s
w i t h
i m p r o v e d
e n e r g y
e f f i c i e n c y a n d w i t h s u p p l e m e n t a l f u e l f r o m t h e s o l i d w a s t e - m u n i c i p a l s l u d g e
s e r v i c e s
u s e
l e s s
f u e l
c o m p a r e d
t o
i n d e p e n d e n t
s u b s y s t e m s
a n d ,
t h e r e f o r e ,
p r o d u c e l e s s a i r a n d t h e r m a l w a t e r p o l l u t i o n . T h e u s e o f s o l i d w a s t e a n d
s l u d g e s
i n
t h e
i n t e g r a t e d
s y s t e m
f o r
e n e r g y
a n d
r e s o u r c e
r e c o v e r y
m i n i m i z e s
t h e
p r o b l e m s
o f e n v i r o n m e n t a l l y
s u i t a b l e
d i s p o s a l
o f t h e
m a t e r i a l s .
F i n a l l y ,
t h e
i n t e g r a t i o n
o f
s u b s y s t e m s
a l s o
p e r m i t s
l o w
q u a l i t y
o r
o f f
p e a k
e n e r g y
u s e
f o r s l u d g e p r o c e s s i n g t o f e r t i l i z e r s o r t o e n e r g y s i n k s .
W h i
l e
t h e
b a s
i c
c o m
p o n
e n t
s f
o r
i n t
e g r
a t i
n g
t h e
s u b
s y s
t e m
s i
n i
n t e
g r a
t e d
c o m
m u n
i t y
s e r
v i c
e
s y s
t e m
s
a r e a v a
i l a
b l e
,
t h e i n t
e g r
a t e
d
s y s
t e m
n e e
d s
t o b e
d e m
o n s
t r a
t e d
a t
f u l l
s c a
l e .
S i n
c e
t h e
s e
s y s
t e m
s a
r e
c u s
t o m
d e s
i g n
e d
f o r
e a c
h
c o m
m u n
i t y
,
m o r
e
t h a
n
o n e
d e m
o n s
t r a
t i o
n
i s
n e e
d e d
f o r
i n d
u s t
r y
a n d
m u n
i c i
p a l
d e c
i s i
o n
m a k
e r s
.
A d o
p t i
o n
o f
t h e
s e
c o n
s e r
v a t
i o n
a p p
r o a
c h e
s
s h o
u l d
o c c
u r
i n
t h e
n e x
t
t w o
d e c
a d e
s
a n d
l e a
d
t o
s u b
s t a
n t i
a l
e n e
r g y
e f f
i c i
e n c
y
a n d
r e d
u c e
d
e n v
i r o
n m e
n t a
l
d e g
r a d
a t i
o n .
E N E
R G Y
E F F
I C I
E N C
Y I
N M
U N I
C I P
A L
A N D
I N D
U S T
R I A
L W
A S T
E W A
T E R
T R E
A T M
E N T
:
A N E X A
M P L
E
O F P O T
E N T
I A L
S A V
I N G
S
R e d
u c i
n g
t h e
e n e
r g y
r e q
u i r
e d
f o r
t r e
a t i
n g
m u n
i c i
p a l
w a s
t e w
a t e
r w
i l l
r e s
u l t
i n s
e c o
n d a
r y e n
v i r
o n m
e n t
a l b e
n e f
i t s
i n c
l u d
i n g w
a t e
r q u
a l i
t y e
n h a
n c e
m e n
t .
W a s
t e w
a t e
r t
r e a
t m e
n t
t e c
h n o
l o g
i e s
,
a s
w i t
h o
t h e
r t
y p e
s o
f t
e c h
n o l
o g y
, w
e r e
d e v
e l o
p e d
i n
a t
i m e
w h e
n e n
e r g
y w a
s c
h e a
p .
R e c
e n t
i n c
r e a
s e s
i n w
a t e
r q u
a l i
t y
s t a
n d a
r d s
u n d
e r
t h e
U . S
. F
e d e
r a l
W a t
e r
P o l
l u t
i o n
C o n
t r o
l A
c t
a m e
n d m
e n t
s o f
1 9 7
2 a n
d s
u b s
e q u
e n t a
m e n
d m e
n t s a
n d
a d m
i n i
s t r
a t i
v e a c
t i o
n s i
n 1
9 7 7
, h a
v e a
d d e
d
t o
e n e
r g y
n e e
d s .
T h e
r e l
a t i
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s c a
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o f
o i l
a n d
g a s
a f t
e r
t h e
1 9 7
3 o
i l
e m b
a r g
o a d
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u r g
e n c
y t o
t h e
n e e
d f
o r
e n e
r g y
e f f
i c i
e n c
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I m p
r o v
e m e
n t s
i n
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q u
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i t
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s t
a n
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e d
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e n
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u n
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e c
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a g
a i
n
b y
1 9
9 0
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m i
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t h
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t e
c h
n o
l o
g i
e s
.
L a
n d
t r
e a
t m
e n
t
o f
m u
n i
c i
p a
l
w a
s t
e w
a t
e r p
r o
v i
d e
s o
n e
p o
t e
n t
i a
l m
e a
n s
t o
r e
d u
c e
t h
e s
e e
n e
r g
y r
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u i
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m e
n t
s
a n d
a l
s o
b e
n e
f i
t
t h
e
a g
r i
c u
l t
u r
a l
s e
c t
o r
.
M u
s k
e g
o n
C o
u n
t y
i n
M i
c h
i g
a n
e x
h i
b i
t s
t h
e s
e
b e
n e
f i
t s
.
A
v a
r i
a b
l e
i n
e n
e r
g y
c o
s t
o f
w a
s t
e w
a t
e r
t r
e a
t m
e n
t
i s
t h
e
a m
o u
n t
o f
w a
t e
r
t r
e a
t e
d .
T h
u s
,
c b
n s
e r
v a
t i
o n
o f
w a
t e
r
u s
e
w i l
l
r e
d u
c e
e n
e r
g y
r e
q u
i r
e m
e n
t s
t o
t r
e a
t
t h
e
" u
s e
d “
w a
t e
r .
I n
a d
d i
t i
o n
,
i t
r e
d u
c e
s
e n
e r
g y
u s
e
i n
t h
e
h o
u s
i n
g
u n i
t s .
A
s t
u d
y
o f
t r
a d
i t
i o
n a
l
m u
n i
c i
p a
l
w a
s t
e w
a t
e r
t r
e a
t m
e n
t
s y
s t
e m
s
i n
M i
c h
i g
a n
( M
i c
h i
g a
n
D e
p a
r t
m e
n t
o f
C o
m m
e r
c e
,
1 9 8
0 )
p r
o d
u c
e d
r e
c o
m m
e n
d a
t i
o n
s
f o
r
r e
d u
c i
n g
e l
e c
t r
i c
i t
y u
s e
b y
1 4 %
a n d
g a s
c o
n s
u m
p t
i o
n b
y
6 0 %
,
a t
a n
a n
n u
a l
s a
v i
n g
s o
f
$ 1
5
m i
l l
i o
n
f o
r
t h
e s
e
m u
n i
c i
p a
l
t r
e a
t m
e n
t
s y
s t
e m
s .
W a
s t
e w
a t
e r
t r
e a
t m
e n
t
i s
t h
e
g r
e a
t e
s t
e n
e r
g y
u s
e r
i n
t h
e m
u n
i c
i p
a l
i t
y ,
a b
o u
t 2
5 %
o f
t h
e
t o
t a
l .
M a
j o
r
c o
s t
s
a r e
e l
e c
t r
i c
e n
e r
g y
f o
r
p u
m p
i n
g
a n d
a e
r a
t i
o n
a n d
g a s
f o
r
s l
u d
g e
i n
c i
n e
r a
t i
o n
.
G r
e a
t e
s t
p o
t e
n t
i a
l
s a
v i
n g
i s
i n
s l
u d
g e
d i
s p
o s
a l
a n d
w a
s t
e w
a t
e r
a e
r a
t i
o n
.
S a
v i
n g
s
e s
t i
m a
t e
s
w e
r e
b a
s e
d
o n
d e
t a
i l
e d
a n
a l
y s
i s
o f
s e
v e
r a
l
p l
a n
t s
a r
o u
n d
t h
e
s t
a t
e .
A d
j u
s t
m e
n t
s w e
r e
i n
d i
v i
d u
a l
l y s
m a l
l a
n d
i n
e x
p e
n s
i v
e , a
d d
i n
g t
o
s i
g n
i f
i c
a n
t
e n
e r
g y
u s
e r e
d u
c t
i o
n s
.
E x p
a n s
i o n
o f
t h e
w a s
t e w
a t e
r t
r e a
t m e
n t
s y s
t e m
i n
C l e
v e l
a n d
( S t
a n k
u n a
s ,
1 9 8 0
)
i n c
l u d
e d
m a n
y
e n e
r g y
- s a
v i n
g
i n n
o v a
t i o
n s ,
s u c
h
a s
h e a
t
r e c
o v e
r y
a n d
s t e
a m
c o n
d e n
s a t
i o n
f o r
w a t
e r
r e u
s e .
S a v
i n g
s
a m o
u n t
e d
t o
1 5
x 1
0 3 m
3
o f
f u e
l
o i l
a n d
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i n
1 9 7
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t h e
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T h a
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c a n
t
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s o u
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f u e
l
f o r
t h a
t
p l a
n t ,
a n d
c a s
h
f o r
t h e
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p a y
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.
E n e
r g y
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i t s
a n d
s u b
s e q
u e n
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o v e
m e n
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u l t
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r e d
u c t
i o n
s
( k w
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y e a
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4 4 %
i n
t h e
m e t
r o p
o l i
t a n
C h i
c a g
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a t e
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t e m
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t h e
w a s
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t e d
a t
$ 7 5
0 , 0
0 0
i n
g a s
e q u
i v a
l e n
t a
t a
s i n
g l e
p l a
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S l u d g e p r o c e s s i n g w a s t h e m a j o r f o c u s o f a n e n e r g y c o n s e r v a t i o n e f f o r t i n
a w a s t e t r e a t m e n t f a c i l i t y n e a r R o c h e s t e r , N . Y . ( M c M i l l a n e t a l . , 1 9 8 1 ) .
C o m p a r i s o n
o f 3 1
s l u d g e
t r e a t m e n t
a l t e r n a t i v e s ,
i n c l u d i n g
l a n d
t r e a t m e n t
a n d
c o m p o s t i n g t e c h n o l o g i e s , p r o d u c e d e v i d e n c e o f s i g n i f i c a n t c o s t r e d u c t i o n s .
I n t r o d u c i n g d e s i g n a n d p r o c e s s i m p r o v e m e n t s i n s t a g e s l e d t o r e d u c t i o n s i n
f u e l o i l c o n s u m p t i o n f r o m 0 . 8 m 3 / t o n n e / d a y o f s o l i d t o 0 . 3 m 3 / t o n n e b y
r e d u c i n g t h e w a t e r c o n t e n t o f t h e s l u d g e ; t o a s y s t e m o f r e f u s e - d e r i v e d f u e l
t h a t
w o u l d
t o t a l l y
e l i m i n a t e
f u e l
o i l
u s e .
C o s t s
o f o p e r a t i n g
t h e
p l a n t
w o u l d
b e c u t f r o m $ 1 0 0 / t o n n e o f d r y s o l i d ( 1 9 7 9 p r i c e s ) t o $ 2 0 / t o n n e w i t h r e f u s e -
d e r i v e d f u e l .
E s t i m a t e s o f e n e r g y c o n s e r v a t i o n w h i c h c a n b e a c h i e v e d i n w a s t e w a t e r
t r e a t m e n t a r e i m p o r t a n t a s i n d i c a t o r s , o r d e r s o f m a g n i t u d e , m o r e t h a n t h e
a b s o l u t e n u m b e r s i n v o l v e d . T h e s e a n d o t h e r s a v i n g s ( P r o c t e r 1 9 8 1 ) c a n b e
a g g r e g a t e d t o s u g g e s t e n e r g y s u p p l y p o t e n t i a l o f c o n s e r v a t i o n s t r a t e g i e s .
E N E R G Y E F F I C I E N C Y D E V E L O P M E N T R E G U L A T I O N S : A N E X A M P L E
 
I n J u n e o f 1 9 8 0 , t h e V i l l a g e o f S c h a u m b u r g i n I l l i n o i s , w a s a m o n g e i g h t
c o m n u n i t i e s i n t h e U n i t e d S t a t e s s e l e c t e d b y t h e D e p a r t m e n t o f E n e r g y ( D O E ) t o
d e v e l o p m o d e l e n e r g y c o n s e r v i n g d e v e l o p m e n t r e g u l a t i o n s . C o n s u l t a n t s w e r e
e n g a g e d b y t h e P l a n n i n g D e p a r t m e n t o f t h e V i l l a g e o f S c h a u m b u r g t o o r g a n i z e
t h e m e t h o d o l o g y f o r c r e a t i n g s p e c i f i c l e g i s l a t i o n t o i n s t i t u t e e n e r g y
e f f i c i e n c y t e c h n i q u e s i n d e v e l o p m e n t r e g u l a t i o n s .
A s a f i r s t s t e p o f t h e c o n t r a c t w i t h D O E , a T e c h n i c a l A d v i s o r y C o m m i t t e e
( T A C ) w a s o r g a n i z e d t o r e v i e w b o t h t h e t e c h n i c a l , l e g a l , a n d p o l i t i c a l a s p e c t s
o f t h e i n f o r m a t i o n f o r m u l a t e d b y t h e c o n s u l t a n t s . T A C w a s f o r m e d o f l o c a l
b u s i n e s s p e o p l e , d e v e l o p e r s , b u i l d e r s , b a n k e r s , a u t i l i t y c o m p a n y
r e p r e s e n t a t i v e , a n d m u n i c i p a l b u i l d i n g , z o n i n g , p l a n n i n g , a n d p o l i t i c a l
o f f i c i a l s .
_
.
.
_
_
_
_
_
.
.
1
 
I n t h e n e x t p h a s e , t h e c o n s u l t a n t s f o r m u l a t e d e x t e n s i v e r e s e a r c h i n t o t h e
c u r r e n t s t a t e - o f — t h e ~ a r t o f e n e r g y e f f i c i e n c y d e v e l o p m e n t o p t i o n s . T h e s e
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V-
,
o p t
i o n
s w
e r e
s u n
m a r
i z e
d i
n t o
a m
a t r
i x
o f
o v e
r o
n e
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d r e
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n d
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e l e
m e n
t s .
E a c
h e l
e m e
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a s
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t e d
i n t
h e m
a t r
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i t h
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r i e
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r y o f
t h e
t e c
h n i
c a l
a n d
p o l
i t i
c a l
i n f
o r m
a t i
o n
p l u
s c
a t e
g o r
i e s
a l l
o w i
n g
T A C
t o
v o t
e o
n e
i t h
e r
i m m
e d i
a t e
o r
f u t
u r e
a c c
e p t
a n c
e o f
t h e
t e c
h n i
q u e
, o r
r e j
e c t
i o n
. I
n a
d d i
t i o
n t o
t h e
b r i
e f
s u n
m a r
y ,
a t
e c h
n i c
a l
a p p
e n d
i x
a n d
s l i
d e
s h o
w w
a s
g i v
e n
t o
T A C
t o
f u r
t h e
r e
d u c
a t e
t h e
c o m
m i t
t e e
w i t
h b
r i e
f t
e c h
n i c
a l
e x p
l a n
a t i
o n s
o f
e a c
h
t e c
h n i
q u e
.
U s i
n g
T A C
a s
a g
o o d
r e p
r e s
e n t
a t i
v e
o f
t h e
c o m
m u n
i t y
p o p
u l a
t i o
n ,
i t
b e c
a m e
e v i
d e n
t t
h a t
a t
h o r
o u g
h e
d u c
a t i
o n a
l
p r o
c e s
s m
u s t
t a k
e p
l a c
e b
e f o
r e
t h e
w h o
l e
c o m
m i t
t e e
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h a v
e
a n
a d e
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t e
t e c
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o u n
d
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t h e
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e c t
i o n
o f
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y o p t
i o n
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t h e
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.
O n c
e t
h e
e d u
c a t
i o n
a l
p r o
c e s
s w
a s
c o m
p l e
t e ,
T A C
a n d
t h e
c o n
s u l
t a n
t s
v o t
e d
t o
s e l
e c t
f i f
t y o
f t
h e
o r i
g i n
a l o
n e
h u n
d r e
d a n
d s
i x t
y o p
t i o
n s f
o r
f u r
t h e
r
c o n
s i d
e r a
t i o
n .
A l l
t h e
o p t
i o n
s
w e r
e
o r g
a n i
z e d
i n t
o
s e v
e n
m a j
o r
c a t
e g o
r i e
s :
s p a
c e h
e a t
i n g
, s p
a c e
c o o
l i n
g , a
l t e
r n a
t e e
n e r
g y p
o w e
r s e
r v i
c e s
, t r
a n s
p o r
t a t
i o n
,
o p e
r a t
i o n
s
a n d
m a i
n t e
n a n
c e ,
e m b
o d i
e d
e n e
r g y
,
a n d
m a i
n t e
n a n
c e
o f
i n t
e r n
a l
b u i
l d i
n g e n
e r g
y . T
h e f
i f t
y o p
t i o
n s w e
r e t
h e n
r e f
i n e
d i n t
o a p
p r o
x i m
a t e
l y
t w e
n t y
- f i
v e
p o t
e n t
i a l
p i e
c e s
o f
l e g
i s l
a t i
o n
w h i
c h
i n c
l u d
e d
a t
l e a
s t
o n e
l e g
i s l
a t i
v e m e
a s u
r e f
o r
e a c
h o f
t h e
s e v
e n c
a t e
g o r
i e s
. R
e c o
g n i
z i n
g t h e
e x t
r e m
e
b r e
a d t
h o f
t h e
p o t
e n t
i a l
e n e
r g y
e f f
i c i
e n c
y t e
c h n
i q u
e s ,
a n
e f f
o r t
w a s
m a d
e t
o
a d a
p t a
t l
e a s
t o n
e t e
c h n
i q u
e i n
e a c
h o f
t h e
s e v
e n c
a t e
g o r
i e s
. T h
e e f
f o r
t i s
a i m
e d
t o
b e g
i n
t o
s t i
m u l
a t e
c o n
m u n
i t y
a w a
r e n
e s s
i n
a l l
s e v
e n
o f
t h e
c a t
e g o
r i e
s
c o n
c e r
n e d
.
T h e
f i n
a l
p r o
c e s
s w
a s
t o
d r a
f t
l e g
i s l
a t i
o n
i n
t h e
f o l
l o w
i n g
a r e a
s :
z o n
i n g
a n d
l o t
l i n
e r
e q u
i r e
m e n
t s
t o
e n s
u r e
p r o
t e c
t i o
n
o f
b u i
l d i
n g s
a n d
s i t
e
a r e
a s
f o r
a c c
e s s
t o
w i n
t e r
s o l
a r
r a d
i a t
i o n
( s o
l a r
a c c
e s s
) ;
e n e
r g y
e f f
i c i
e n t
s t r
e e t
l i g
h t i
n g ;
a n
a p p
e a l
s
p r o
c e s
s
f o r
r e d
u c i
n g
e m b
o d i
e d
e n e
r g y
w i t
h
s u b
s t i
t u t
e
m a t
e r i
a l s
;
a c t
i v e
s o l
a r
c o l
l e c
t o r
s
a s
a p
e r m
i t t
e d
u s e ;
w i n
d e
n e r
g y
c o n
v e r
s i o
n
s y s
t e m
s
a s
a p
e r m
i t t
e d
u s e ;
u n d
e r g
r o u
n d
b u i
l d i
n g s
a s
a p
e r m
i t t
e d
u s e ;
r e d
u c t
i o n
o f
r e t
a i l
p a r
k i n
g
r e q
u i r
e m e
n t s
;
m a n
d a t
o r y
s h a
d i n
g
o f
b u i
l d i
n g s
a n d
a d j
a c e
n t
g r o
u n d
s ;
e n c
o u r
a g e
m e n
t
o f
e n e
r g y
e f f
i c i
e n t
b u i
l d i
n g
s i t
e
p l a
n n i
n g
a n d
m a s
s i n
g ;
a n d
a g
e n e
r a l
a c t
e s t
a b l
i s h
i n g
e n e
r g y
c o n
s e r
v a t
i o n
i n
t h e
p u r
p o s
e
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s e c t i o n o f t h e o r d i n a n c e s . A l l o f t h e p r o p o s e d l e g i s l a t i o n i s b e i n g e v a l u a t e d
i n t e r m s o f t h e s o c i a l , p o l i t i c a l a n d w h e r e v e r p o s s i b l e , q u a n t i f i a b l e e n e r g y
i m p a c t o n t h e t o t a l c o m m u n i t y e n e r g y r e q u i r e m e n t s .
T h e p r o c e s s o f s t i m u l a t i n g t h e m e m b e r s o f t h e c o m m u n i t y t o b o t h i m p l e m e n t
t h e p r o p o s e d l e g i s l a t i o n a n d r e q u e s t c o n t i n u e d u p g r a d i n g o f t h e l e g i s l a t i o n a s
t e c h n o l o g i c a l a d v a n c e s w a r r a n t , r e q u i r e s a s t r o n g e d u c a t i o n a l c o m m i t m e n t . T h e
P l a n n i n g D e p a r t m e n t o f t h e V i l l a g e o f S c h a u m b u r g h a s s h o w n a s t r o n g d e s i r e t o
a s s i s t i n t h e d i s s e m i n a t i o n o f t h e t e c h n i c a l r e s e a r c h f o r e n e r g y e f f i c i e n c y
d e v e l o p m e n t t e c h n i q u e s . T h e j o i n t e f f o r t o f t h e r e s e a r c h o f t h e c o n s u l t a n t
t e a m a n d t h e p o l i t i c a l a n d t e c h n i c a l r e s o u r c e s o f t h e P l a n n i n g D e p a r t m e n t w i l l
b e n e c e s s a r y t o g r a d u a l l y i n t e g r a t e t h e p r o p o s e d e n e r g y s a v i n g s l e g i s l a t i v e
m e a s u r e s i n t o t h e m a i n s t r e a m o f t h e S c h a u m b u r g c o m m u n i t y .
T h e S c h a u m b u r g c a s e s t u d y d e m o n s t r a t e s t h a t t h e m e t h o d f o r c h a n g i n g s o c i a l
v a l u e s i n t h e f a c e o f c h a n g i n g t e c h n i c a l a n d e c o n o m i c c o n d i t i o n s c a n n o t b e
a c c o m p l i s h e d m e r e l y t h r o u g h l e g i s l a t i o n , n o r t h r o u g h c a s u a l e d u c a t i o n
a s s i s t a n c e . A n e n f o r c i n g a g e n t ( l e g i s l a t i v e m e a s u r e s ) p l u s a n i n f o r m i n g t o o l
( t h e t e c h n i c a l r e s e a r c h a v a i l a b l e t h r o u g h t h e V i l l a g e o f S c h a u m b u r g P l a n n i n g
D e p a r t m e n t ) a r e a n e c e s s a r y d u a l f o r c e t o h e l p e n s u r e e f f e c t i v e s o c i a l r e f o r m
w h i c h b o t h a i d s t h e c i t i z e n r y w i t h t h e m o s t a p p r o p r i a t e t e c h n i c a l i n f o r m a t i o n
a n d h e l p t h e i m p l e m e n t a t i o n o f s u c h r e s e a r c h w i t h a p p r o p r i a t e c i t i z e n
i n f o r m a t i o n e x c h a n g e a n d e d u c a t i o n p r o g r a m s .
T h e V i l l a g e o f S c h a u m b u r g i s l e a d i n g t h e w a y i n p r o v i d i n g o t h e r
c o m n u n i t i e s w i t h a r a t i o n a l a n d p r o g r e s s i v e p l a n t o d e a l w i t h t h e p r e s s u r e s o f
a c h a n g i n g e n e r g y a n d s o c i a l c o n d i t i o n i n t h e e n d o f t h i s c e n t u r y . S c h a u m b u r g
h a s a l r e a d y a d o p t e d t h e f i r s t o r d i n a n c e p e r m i t t i n g w i n d e n e r g y c o n v e r s i o n
s y s t e m s . T h i s o r d i n a n c e , a r e s u l t o f t h e D O E s t u d y , i s h o p e f u l l y a s y m b o l o f
t h e g r a d u a l b u t c o n t i n u a l e f f o r t o f t h e V i l l a g e o f S c h a u m b u r g t o b e a m o d e l
f o r a s u c c e s s f u l l o c a l c o m m u n i t y e n e r g y c o n s e r v a t i o n p r o g r a m .
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5 . E n e r g y S o u r c e s
I n o r d e r t o p r o v i d e s o m e p e r s p e c t i v e t o t h e p o t e n t i a l e c o s y s t e m i m p a c t s o f
a l t e r n a t i v e e n e r g y f u t u r e s t h e B o a r d i n v e s t i g a t e d t h e f o l l o w i n g e n e r g y
s o u r c e s : n u c l e a r p o w e r , d e v e l o p m e n t o f a s y n f u e l s ' i n d u s t r y i n t h e U n i t e d
S t a t e s , c o m b u s t i o n o f c o a l , a n d s e v e r a l o t h e r t e c h n o l o g i e s s u c h a s t h e
c o n v e r s i o n o f b i o m a s s . T h e r e v i e w s o f t h e s e s o u r c e s r e c e i v e d b y t h e B o a r d a n d
r e p o r t e d h e r e i n a r e n o t p r e s e n t e d a s c o m p l e t e a s s e s s m e n t s , b u t r a t h e r
i l l u s t r a t i v e o f t h e c o m p l e x i t y o f t h e p o s s i b l e i n t e r a c t i o n s o f e n e r g y
d e v e l o p m e n t a n d t h e q u a l i t y o f t h e G r e a t L a k e s b a s i n e c o s y s t e m .
A m a j o r c o n c e r n w i t h r e s p e c t t o G r e a t L a k e s w a t e r q u a l i t y i s t h e
i n c r e a s i n g i m p o r t a n c e o f a t m o s p h e r i c i n p u t s o f p o l l u t a n t s a n d t h e d i s c u s s i o n
o f t h e s e e n e r g y s o u r c e s f o c u s s e s o n t h e i r r e l a t i v e c o n t r i b u t i o n t o s u c h
l o a d i n g s .
N U C L E A R P O W E R
T h e f i r s t n u c l e a r g e n e r a t i n g s t a t i o n o n t h e G r e a t L a k e s w a s B i g R o c k P o i n t
( 7 2 M N e ) o n L a k e M i c h i g a n , w h i c h s t a r t e d p r o d u c i n g e l e c t r i c i t y c o m m e r c i a l l y i n
1 9 6 3 . S i n c e t h e n t h e n u m b e r o f n u c l e a r s t a t i o n s h a s i n c r e a s e d a n d t h e t o t a l
i n s t a l l e d e l e c t r i c a l g e n e r a t i n g c a p a c i t y h a s r e a c h e d 1 4 , 8 0 7 m e g a w a t t s ( M W e ) .
C u r r e n t c o n s t r u c t i o n w i l l i n c r e a s e t h i s a m o u n t t o 2 9 , 8 8 0 M W e b y 1 9 9 0 , b u t
l o n g - t e r m U . S . u t i l i t i e s ' p l a n n i n g , w h i c h w a s e x p e c t e d t o a d d a f u r t h e r 8 , 7 8 0
M W e b y t h e e n d o f t h e 2 0 t h c e n t u r y , w a s c a n c e l l e d i n 1 9 8 0 . A l l r e a c t o r s
g e n e r a t e s t e a m u s i n g G r e a t L a k e s w a t e r f r o m s e l f - h e a t p r o d u c e d i n t h e u r a n i u m
f u e l b y n u c l e a r f i s s i o n o f 2 3 5 U a t o m s . T h e m a j o r d i f f e r e n c e b e t w e e n t h e
n u c l e a r r e a c t o r s o n t h e C a n a d i a n a n d U . S . s h o r e l i n e s i s t h a t t h e u r a n i u m f u e l
i n t h e U . S . r e a c t o r s i s s l i g h t l y e n r i c h e d i n 2 3 5 U t o s u s t a i n t h e n u c l e a r
f i s s i o n c h a i n r e a c t i o n w h i l e t h e C a n a d i a n r e a c t o r s u s e n a t u r a l u r a n i u m a n d
D 2 0 ( d e u t e r i u m o x i d e ) a s a n e u t r o n m o d e r a t o r i n p l a c e o f H 2 0 .
E l e c t r i c a l p o w e r g e n e r a t i o n b y n u c l e a r f i s s i o n i s c o n s i d e r e d e n v i r o n -
m e n t a l l y c l e a n i n t h a t t h e r e a r e n o e m i s s i o n s o f $ 0 2 , N O X o r p a r t i c u l a t e s
s u c h a s e m a n a t e f r o m f o s s i l - f u e l e d p l a n t s a n d w h i c h c o n t r i b u t e t o t h e p r o b l e m
5 7
  
  
   
o f a c i d r a i n . 0 n t h e o t h e r h a n d , t h e r e a r e e m i s s i o n s o f r a d i o a c t i v e e l e m e n t s ,
r a d i o n u c l i d e s , b o t h t o t h e a t m o s p h e r e a n d t o t h e c o o l i n g w a t e r r e t u r n e d t o t h e
l a k e , w h i c h c r e a t e a p o t e n t i a l h a z a r d t o h u m a n h e a l t h . L i k e o t h e r t h e r m a l
s t a t i o n s a b o u t 6 5 % o f t h e e n e r g y r e l e a s e d f r o m t h e f u e l i s r e j e c t e d t o t h e
c o o l i n g w a t e r r e s u l t i n g i n a r e a s o f w a r m e r t e m p e r a t u r e s i n t h e l o c a l a q u a t i c
e c o s y s t e m . U n l i k e o t h e r t h e r m a l g e n e r a t i n g s y s t e m s , t h e f u e l d o e s n o t l e a v e
a n a s h o f d e c r e a s e d v o l u m e w h e n i t i s c o n s u m e d . I n s t e a d , i t r e t a i n s i t s
o r i g i n a l s i z e b u t b e c o m e s i n t e n s e l y r a d i o a c t i v e . T h i s r a d i o a c t i v i t y d e c a y s
r a p i d l y a t f i r s t b u t m o r e s l o w l y w i t h t i m e , s o t h a t t h e s p e n t f u e l r e m a i n s
h a z a r d o u s f o r c e n t u r i e s . P e r m a n e n t d i s p o s a l o f t h i s h i g h l y r a d i o a c t i v e s p e n t
f u e l i n a s a f e m a n n e r i s a m a j o r p r o b l e m f a c i n g t h e n u c l e a r i n d u s t r y a t t h i s
t i m e .
I n e f f e c t , r a d i o a c t i v e w a s t e s a r e p r o d u c e d a t n e a r l y a l l s t a g e s o f t h e
f u e l c y c l e . T h i s f u e l c y c l e i n v o l v e s d i s c r e t e s t e p s i n t h e m a n u f a c t u r e a n d
u s e o f u r a n i u m f u e l f r o m m i n i n g t h e u r a n i u m o r e t o p o w e r p r o d u c t i o n a n d
d i s p o s a l o f t h e s p e n t f u e l a s i n d i c a t e d i n F i g u r e 3 . T h e r a d i o a c t i v e a n d
o t h e r w a s t e d i s c h a r g e s f r o m e a c h s t a g e o f t h e n u c l e a r f u e l c y c l e o p e r a t i n g i n
t h e G r e a t L a k e s b a s i n i m p a c t t o s o m e d e g r e e o n t h e b a s i n e c o s y s t e m .
N u c l e a r F u e l C y c l e A c t i v i t i e s
 
U r a n i u m M i n i n g a n d M i l l i n g
T h e p r o c e s s o f p r o d u c i n g e l e c t r i c a l p o w e r f r o m n u c l e a r f i s s i o n s t a r t s w i t h
t h e m i n i n g o f u r a n i u m o r e a n d i t s m i l l i n g t o p r o d u c e a b a s i c u r a n i u m o x i d e
c a l l e d " y e l l o w c a k e " . M a j o r u r a n i u m m i n i n g a n d m i l l i n g o p e r a t i o n s o c c u r i n t h e
E l l i o t L a k e a r e a o f n o r t h e r n O n t a r i o w h e r e t w o c o m p a n i e s m i n e a t o t a l o f
1 3 , 0 0 0 t o n n e s o f m i l l f e e d p e r d a y . A m u c h l o w e r s c a l e o f o p e r a t i o n s o c c u r s
i n t h e B a n c r o f t a r e a . S i n c e t h e o r e n o r m a l l y c o n t a i n s a b o u t 0 . 2 % u r a n i u m ,
e s s e n t i a l l y a l l t h e m a t e r i a l m i n e d r e m a i n s a s w a s t e a n d a c c u m u l a t e s a t t h e
2 3 8 U i n t h e
R a , w h i l e a s s o c i a t e d w i t h t h e u r a n i u m
2 2 8 2 2 8 T h . T h e s e
r a d i o n u c l i d e s a r e n o t e x t r a c t e d w i t h t h e u r a n i u m b u t r e m a i n w i t h t h e m i l l
m i l l s i t e a s a t a i l i n g s p i l e . I n r a d i o a c t i v e e q u i l i b r i u m w i t h
o r e a r e i t s d a u g h t e r s 2 3 0 T h a n d 2 2 6
2 3 2 T h a n d i t s d a u g h t e r s ,
i n O n t a r i o o r e s i s R a a n d
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r
f u
e l
c y
c l
e
a c
t i
v i
t i
e s
i n
t h
e
G r
e a
t
L a
k e
s
b a
s i
n
t h
a t
s o
m e
o f
t h
e s
e
d i
r e
c t
l y
i n
f l
u e
n c
e
t h
e
e n
v i
r o
n m
e n
t
a n
d
m a
y
a f
f e
c t
h u
m a
n
h e
a l
t h
.
T h
e
c r
i t
i c
a l
a c
t i
v i
t i
e s
a r
e
t h
o s
e
i n
w h
i c
h
l a
r g
e
v o
l u
m e
s
o f
r a
d i
o a
c t
i v
e
w a
s t
e
a r
e
p r
o d
u c
e d
o r
c o
n t
i n
u o
u s
e m
i s
s i
o n
s
o f
r a
d i
o n
u c
l i
d e
s
o c
c u
r .
T h
e
f i
r s
t
r e
l a
t e
s
t o
u r
a n
i u
m
m i
n i
n g
a n
d
m i
l l
i n
g
a n
d
w a
s t
e
m a
n a
g e
m e
n t
,
w h
i l
e
t h
e
s e
c o
n d
r e
l a
t e
s
t o
n u
c l
e a
r
p o
w e
r
g e
n e
r a
t i
o n
.
U r
a n
i u
m
M i
n i
n g
a n
d
M i
l l
i n
g
T h
e
s e
r i
e s
o f
l a
k e
s
l i
n k
e d
b y
t h
e
S e
r p
e n
t
R i
v e
r ,
w h
i c
h
d r
a i
n s
t h
e
E l
l i
o t
L a
k e
u r
a n
i u
m
m i
n i
n g
a r
e a
i n
t o
t h
e
N o
r t
h
C h
a n
n e
l
o f
L a
k e
H u
r o
n ,
h a
v e
n e
a r
l y
a l
l
b e
e n
c o
n t
a m
i n
a t
e d
t o
s o
m e
e x
t e
n t
b y
t h
e
m i
n i
n g
a n
d
m i
l l
i n
g
o p
e r
a t
i o
n s
.
T h
e
l e
v e
l
o f
2 2
6 R
a
a t
t h
e
m o
u t
h
o f
t h
e
S e
r p
e n
t
R i
v e
r
a v
e r
a g
e d
0 .
0 9
B q
/ L
i n
1 9
7 8
( R
o y
a n
d
K e
l l
e r
,
1 9
7 6
)
s l
i g
h t
l y
b e
l o
w
t h
e
O n
t a
r i
o
c r
i t
e r
i o
n
f o
r
s u
r f
a c
e
w a
t e
r s
o f
0 .
1 1
B q
/ L
.
T h
i s
a m
o u
n t
i s
l e
s s
t h
a n
t h
e
v a
l u
e
o f
0 .
1 5
B q
/ L
i n
1 9
7 5
,
w h
i c
h
i n
t u
r n
,
w a
s
l e
s s
t h
a n
t h
e
0 .
3 2
B q
/ L
m e
a s
u r
e d
i n
1 9
7 0
( G
r e
a t
L a
k e
s
W a
t e
r
Q u
a l
i t
y
B o
a r
d ,
1 9
7 9
) .
T h
i s
g r
a d
u a
l
d e
c r
e a
s e
r e
f l
e c
t s
t h
e
B a
C l
2
t r
e a
t m
e n
t
o f
t h
e
m i
l l
e f
f l
u e
n t
s
a n
d
t a
i l
i n
g s
l e
a c
h a
t e
s
w h
i c
h
w a
s
i n
i t
i a
t e
d
a b
o u
t
1 9
6 5
a t
6 9
   
 
 
 
o p
e r
a t
i n
g
m i
l l
s
a n d
h a s
s i
n c
e
b e
e n
i n
i t
i a
t e
d
a t
a b
a n
d o
n e
d
t a
i l
i n
g s
p o
n d
s .
T h
e
e x
p a
n s
i o
n o f
t h
e m i
n i
n g o
p e
r a
t i
o n
s t o
3 0
, 0
0 0 t o
n n
e s p
e r d
a y o
f m
i l
l f e
e d a
n d
t h e
r e
s u
l t
a n
t
e f
f e
c t
s
o n
t h
e
e n
v i
r o
n m
e n
t
w a s
t h e
s u
b j
e c
t
o f
p u
b l
i c
h e
a r
i n
g s
b y
t h
e O
n t
a r
i o E
n v
i r
o n
m e
n t
a l A s
s e
s s
m e
n t B o
a r
d (
1 9 7
9 ) .
T h
e y
c o
n c
l u
d e
d t h
a t
w a
t e
r
q u
a l
i t
y
i n
t h
e
S e
r p
e n
t
R i
v e
r
a n d
i t s
l a
k e
s
w a s
a m
a j
o r
a r
e a
o f
c o
n c
e r
n
a n d
a
g o a
l w
a s
s e t
b e
t w
e e
n t
h e
c o
m p
a n
i e
s a n
d t
h e
P r
o v
i n
c e t
o e
s t
a b
l i
s h a
v i
a b
l e
a n d
s e
l f
— s
u s
t a
i n
i n
g f
i s
h e
r y
( R o
y
a n d
K e
l l
e r
,
1 9
7 6
) .
O f
i m
m e
d i
a t
e c
o n
c e
r n
a r e
l o
w
p H
v a
l u
e s
a n d
a m
m o
n i
a c
o n
c e
n t
r a
t i
o n
s .
I t
i s
p l
a n
n e
d t
o a
l l
e v
i a
t e t
h e
l a
t t
e r
b y
c h
a n
g e
s
i n
m i
l l
i n
g p
r a
c t
i c
e s
, b
u t
h a
l t
i n
g a
c i
d
i n
p u
t
t o
t h
e
s y
s t
e m
w i l
l
r e
q u
i r
e a
g r
e a
t d
e a l
o f
r e
s e
a r
c h
a n d
d e
v e
l o
p m
e n
t t
o m
a n
a g
e t
a i
l i
n g
s a
r e
a s
i n
s u
c h
a m
a n
n e
r
t h
a t
o x
i d
a t
i o
n
o f
p y
r i
t e
i s
i n
h i
b i
t e
d .
2 2
6 R
a
l e
a c
h i
n g
f r
o m
t a
i l
i n
g s
w h
i c
h
T h e l o n g - t e r m g o a l t o d i m i n i s h
c o n t a m i n a t e
t h e
S e r p e n t
R i v e r
s y s t e m ,
a n d
h e n c e
t h e
N o r t h
C h a n n e l
o f
L a k e
H u r o n ,
c a n
b e
a p p r o a c h e d
b y
c o n t r o l l i n g
e f f l u e n t s
f r o m
o p e r a t i n g
m i l l s .
S e v e r a l
p r o c e s s e s
a r e
i n
t h e
d e v e l o p m e n t
s t a g e ,
w h i c h
s h o u l d
m a i n t a i n
e f f l u e n t
l e v e l s
o f
2 2 6 R a
b e l o w
t h e
o b j e c t i v e
o f
0 . 3 7
B q / L
t o t a l
( i . e . ,
d i s s o l v e d
p l u s
f i l t e r a b l e
2 2 6 R a )
p r o p o s e d
b y
A E C B .
H o w e v e r ,
T e a c h i n g
o f
2 2 6 R a
f r o m
a b a n d o n e d
t a i l i n g s ,
t r a n s p o r t e d
t h r o u g h
t h e
u n s a t u r a t e d
z o n e
t o
g r o u n d w a t e r
a n d
t h e n
t o
t h e
S e r p e n t
R i v e r
a p p e a r s
t o
a c c o u n t
f o r
m o s t
o f
t h e
2 2 6 R a
r e a c h i n g
t h e
N o r t h
C h a n n e l
( G r e a t
L a k e s
W a t e r
Q u a l i t y
B o a r d ,
1 9 7 9 ) .
U n l e s s
t e c h n i q u e s
a r e
d e v e l o p e d
t o
c u r t a i l
l e a c h i n g
f r o m
a b a n d o n e d
o r
p o s t -
o p e r a t i o n a l
t a i l i n g s
t h e
I J C
r a d i o a c t i v i t y
o b j e c t i v e
o f
1 . 0
x
1 0 ' 5
S v
( 1
m i l l i r e m )
p e r
y e a r ,
w h i c h
t r a n s l a t e s
t o
0 . 0 5
B q / L
2 2 6 R a
b a s e d
o n
I C R P ' s
l i m i t s
o n
a n n u a l
i n t a k e s
o f
r a d i o n u c l i d e s
( I n t e r n a t i o n a l
C o m m i s s i o n
o n
R a d i o l o g i c a l
P r o t e c t i o n ,
1 9 7 9 ) ,
w i l l
c o n t i n u e
t o
b e
e x c e e d e d
a t
t h e
m o u t h
o f
t h e S e r p e n t R i v e r .
W a s t e M a n a g e m e n t
M a n
a g e
m e n
t o
f n
u c l
e a r
w a s
t e s
, p
a r t
i c u
l a r
l y
l o w
- l e
v e l
t y p
e s ,
h a s
b e e
n v
e r y
r u d
i m e
n t a
r y
i n
t h e
p a s
t
i n v
o l v
i n g
d e p
o s i
t i o
n
i n
l a n
d - f
i l l
s i t
e s
a n d
r e s
u l t
i n g
i n
l e a
c h i
n g
t o
n e a
r b y
w a t
e r
s u p
p l i
e s .
R e c
e n t
l y ,
r e g
u l a
t o r
y a
u t h
o r i
t i e
s
h a v
e
d e m
a n d
e d
t r e
a t m
e n t
o f
t h e
l e a
c h a
t e
f r o
m
t h e
s e
s i t
e s
i n
a m
a n n
e r
s i m
i l a
r
t o
t h a
t
a p p
l i e
d
t o
u r a
n i u
m
m i l
l
t a i
l i n
g s .
A t
N u c
l e a
r
F u e l
S e r
v i c
e s '
W e s
t V
a l l
e y
7 0
  
 
  
7
’
1
“
.
“
,
_
,
_
s i
t e
i n
N e
w
Y o
r k
,
t h
e
w a
t e
r
w h
i c
h
i n
f i
l t
r a
t e
s
t h
e
t r
e n
c h
e s
i s
p u
m p
e d
a n
n u
a l
l y
t o
l a
g o
o n
s
f o
r
t r
e a
t m
e n
t b
e f
o r
e
d i
s c
h a
r g
e t
o
C a
t t
a r
a u
g u
s C
r e
e k
w h
i l
e
a t
E l
d o
r a
d o
N u
c l
e a
r '
s
P o
r t
G r
a n
b y
,
O n
t a
r i
o ,
s i
t e
t h
e
r u
n o
f f
i s
t r
e a
t e
d
s i
m i
l a
r l
y
b e
f o
r e
d i
s c
h a
r g
e
i n
t o
L a
k e
O n
t a
r i
o .
T h
e s
e
m e
a s
u r
e s
c a
n
o n
l y
b e
c o
n s
i d
e r
e d
t e
m p
o r
a r
y
u n
t i
l
e i
t h
e r
a
p e
r m
a n
e n
t ,
u n
l e
a c
h a
b l
e
s i
t e
i s
f o
u n
d
t o
t r
a n
s f
e r
t h
e s
e
w a
s t
e s
a n
d
t h
o s
e
a t
t h
e
L a
k e
O n
t a
r i
o
O r
d i
n a
n c
e
W o
r k
s
s i
t e
a t
L e
w i
s t
o n
,
N e
w
Y o
r k
,
o r
a
m e
t h
o d
o f
i m
m o
b i
l i
z i
n g
t h
e
w a
s t
e s
a t
t h
e i
r
c u
r r
e n
t
l o
c a
t i
o n
s
c a
n
b e d e
v e
l o
p e
d .
H i
g h
l y
r a
d i
o a
c t
i v
e
s p
e n
t
f u
e l
f r
o m
n u
c l
e a
r
r e
a c
t o
r s
i s
c u
r r
e n
t l
y
s t
o r
e d
a t
t h
e
n u
c l
e a
r
g e
n e
r a
t i
n g
s t
a t
i o
n s
w i
t h
n o
i m
p a
c t
o n
t h
e
e n
v i
r o
n m
e n
t ,
b u
t
a t
s o
m e
d a
t e
a
d e
c i
s i
o n
m u
s t
b e
m a
d e
o n
t h
e
f u
t u
r e
d i
s p
o s
i t
i o
n
o f
t h
e
f u
e l
.
A l
t h
o u
g h
t h
e
t e
c h
n i
c a
l
a s
p e
c t
s
o f
d e
e p
g e
o l
o g
i c
a l
d i
s p
o s
a l
l o
o k
p r
o m
i s
i n
g ,
t h
e
s o
c i
a l
a s
p e
c t
s
-
e s
p e
c i
a l
l y
c o
n c
e r
n i
n g
s i
t i
n g
-
a r
e
b l
e a
k .
T h
e
R o
y a
l
C o
m m
i s
s i
o n
o n
E l
e c
t r
i c
P o
w e
r
P l
a n
n i
n g
( P
o r
t e
r ,
V o
l .
1 ,
1 9
8 0
)
i n
i t
s
f i
n a
l
r e
p o
r t
h a
s
r e
c o
m m
e n
d e
d
t h
a t
a
m o
r a
t o
r i
u m
s h
o u
l d
b e
d e
c l
a r
e d
o n
a d
d i
t i
o n
a l
n u
c l
e a
r
p o
w e
r
g e
n e
r a
t i
n g
s t
a t
i o
n s
i f
s a
t i
s f
a c
t o
r y
p r
o g
r e
s s
i n
h i
g h
- l
e v
e l
w a
s t
e
d i
s p
o s
a l
,
f r
o m
b o
t h
t h
e
t e
c h
n i
c a
l
a n
d
s o
c i
a l
a s
p e
c t
s ,
i s
n o
t
a t
t a
i n
e d
b y
1 9
9 0
.
w »
P o w e r G e n e r a t i o n
T h
e
p r
i m
a r
y
i m
p a
c t
o f
n u
c l
e a
r
p o
w e
r
o p
e r
a t
i o
n
i s
t h
e
i r
r a
d i
a t
i o
n
o f
t h
e
l o
c a
l
p o
p u
l a
t i
o n
d i
r e
c t
l y
b y
r a
d i
o a
c t
i v
e
n o
b l
e
g a
s e
s
a n
d
i n
d i
r e
c t
l y
b y
1 3
1 1
e m
i t
t e
d
i n
t o
t h
e
a t
m o
s p
h e
r e
.
T h
e
r a
d i
o l
o g
i c
a l
i n h a l a t i o n o f 3 H a n d
d o s e
l i m i t
t o
a n
i n d i v i d u a l
a t
t h e
p l a n t
b o u n d a r y
i s
5 . 0
x
1 0 ' 5
S v
( 5
m i l l i r e m s )
p e r
y e a r
i n
C a n a d a
w h i l e
U . S .
E P A ' s
d o s e
l i m i t
i s
2 5
x
1 0 ' 5
S v
( 2 5
m i l l i r e m s )
f r o m
a l l
p l a n n e d
d i s c h a r g e s .
O b v i o u s l y ,
t h e
m a g n i t u d e
o f
t h i s
i m p a c t
c a n
b e
r e d u c e d
b y
s i t i n g
n u c l e a r
g e n e r a t i n g
s t a t i o n s
w e l l
a w a y
f r o m
p o p u l a t i o n
c e n t r e s .
H o w e v e r ,
t h e
a q u e o u s
r e l e a s e s
f r o m
o p e r a t i n g
s t a t i o n s ,
b o t h
r a d i o a c t i v e
a n d
t h e r m a l ,
w i l l
i n f l u e n c e
t h e
w a t e r
q u a l i t y
o f
t h e
G r e a t
L a k e s
a s
l o n g
a s
o n c e - t h r o u g h
c o o l i n g
s y s t e m s
a r e
u s e d
a n d
c o n t r i b u t e
t o
t h e
r a
d i
a t
i o
n
d o
s e
r e
c e
i v
e d
b y
t h
e
p o
p u
l a
t i
o n
d r
i n
k i
n g
t h
e
w a
t e
r
a n
d
e a
t i
n g
f i
s h
.
7 1
 S i t
i n g
i s
o f
c o n
c e r
n w
i t h
r e g
a r d
t o
G r e
a t
L a k
e s
f i s
h e r
i e s
s i n
c e
t h e
l a r
g e
v o l
u m e
s o f h
e a t
e d w a
t e r e
n t e
r i n
g t h e
l i t
t o r
a l z o
n e m
a y i
m p a
c t s p
a w n
i n g g
r o u
n d s
a n d
i n t
e r f
e r e
w i t
h
m i g
r a t
i o n
r o u
t e s
o f
a n a
d r o
m o u
s
s p e
c i e
s .
C u r r
e n t
l e v e
l s o
f r a
d i o n
u c l i
d e s
i n t
h e G
r e a t
L a k e
s a r
e d u
e t o
f a l l
o u t
f r o m
n u c l
e a r
w e a p
o n s
t e s t
i n g
i n
t h e
a t m o
s p h e
r e
a n d
a r e
m e a s
u r e d
o n
a r
e g u l
a r
b a s i
s
b y r
e g u l
a t o r
y a g
e n c i
e s .
T h e
r e s u
l t s
h a v e
b e e n
r e p o
r t e d
a n n u
a l l y
b y t
h e W
a t e r
Q u a l
i t y
B o a r
d ' s
R a d i
o a c t
i v i t
y
S u b c
o m m i
t t e e
f r o m
1 9 7 6
t h r o
u g h
1 9 7 9
.
T h e
d o s e
c o m m
i t m e
n t s
t o i
n d i v
i d u a
l s
d r i n
k i n g
w a t e
r f
r o m
e a c h
o f t
h e G
r e a t
L a k e
s d
u r i n
g
1 9 7 9
w e r e
:
L a k e
S u p e
r i o r
0 . 0 8
x 1
0 ‘ 5
S v ,
L a k e
M i c h
i g a n
0 . 1 3
x 1
0 ' 5
S v ,
L a k e
H u r o
n
0 . 1 2
x 1
0 ‘ 5
S v ,
L a k e
E r i e
0 . 1 3
x 1
0 ‘ 5
S v
a n d
L a k e
O n t a
r i o
0 . 1 3
x 1 0 ' 5 S v a n d e s s e
n t i a
l l y
w e r e d u e t o 9 O S r ( D u r
h a m
3 1 3 1 . , 1 9 8 0
) .
A s s u
m i n g
n o
f u r t
h e r
a t m o
s p h e
r i c
t e s t
i n g
o f
n u c l
e a r
w e a p
o n s
t h e
c o n c
e n t r
a t i o
n s
o f 9
O S r
a n d
1 3 7 0
5 w
i l l
d e c r
e a s e
a s
a r e
s u l t
o f
r a d i
o a c t
i v e
d e c a
y a
n d
f l u s
h i n g
o f
t h e
l a k e
s .
0 n
t h e
o t h e
r h
a n d ,
t h e
c o n c
e n t r
a t i o
n
o f
3 H
w i l l
g r a d
u a l l
y i n
c r e a
s e s
i n c e
i t i
s t h
e m a
j o r
c o m p
o n e n
t o f
a q u e
o u s
r a d i
o n u c
l i d e
e m i s
s i o n
s
f r o m
n u c l
e a r
p o w e
r
o p e r
a t i o
n s ,
e s p e
c i a l
l y
f r o m
t h e
C A N D
U
s y s t
e m .
B y
t h e
y e a r
2 0 0 0
t h e
9 0 S r
a n n u
a l
d o s e
c o m m
i t m e
n t
s h o u
l d
b e
a b o u
t
0 . 0 8
x 1
0 ' 5
S v
i n
L a k e
O n t a
r i o
w h i l
e
t h a t
f r o m
t h e
3 H
w i l l
h a v e
i n c r
e a s e
d
t o
0 . 1
x
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L o n g R a n g e T r a n s p o r t
 
T h e m a g n i t u d e o f l o n g r a n g e a i r t r a n s p o r t o f t h e p o l l u t a n t s o f i n t e r e s t
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l i n e a r l y
o n t h e
e m i s s i o n
r a t e
i n t h i s
a n d
e v e r y
o t h e r r e g i o n , i . e . ,
2 4 3 3 k k
c ( t ) , = H k ; T 1 J E J ( t )
e 9 - _ _ £ _ T u ~
[ m 3 ] [ m 3 . 1 0 t ] [ 1 0 % ]
w h e r e E § ( t ) i s t h e a v e r a g e e m i s s i o n r a t e o f t h e E r e c u r s o r p o l l u t a n t f r o m
s o u r c e c a t e g o r y k i n r e g i o n j i n p e r i o d t , a n d T i j i s t h e t r a n s p o r t c o e f f i -
c i e n t c a l c u l a t e d b y t h e m o d e l f o r t r a n s p o r t f r o m r e g i o n j t o i f o r s o u r c e s o f
t y p e k . T h e t h r e e s o u r c e t y p e s a r e d i s t i n g u i s h e d a c c o r d i n g t o e f f e c t i v e s t a c k
h e i g h t s , c o r r e s p o n d i n g t o u t i l i t y ( 2 0 0 m ) , i n d u s t r i a l ( 1 0 0 m ) a n d a r e a s o u r c e
( 2 0 m ) e m i s s i o n s . T h e m e t h o d o l o g y h a s b e e n d e v e l o p e d w i t h t h e 2 4 3 A i r Q u a l i t y
C o n t r o l R e g i o n s ( A C Q R ' s ) o f t h e U . S . a s b o t h t h e s o u r c e a n d r e c e p t o r a r e a s ,
o v e r w h i c h C ( t ) r e p r e s e n t s a s p a t i a l a n d t e m p o r a l a v e r a g e .
T o d a t e m a t r i c e s h a v e b e e n d e v e l o p e d f o r r e s p i r a b l e p a r t i c u l a t e s ,
$ 0 2 , a n d $ 0 4 ; n o n e h a v e y e t b e e n d e v e l o p e d f o r N 0 X o r f o r s p e c i f i c t r a c e
m e t a l s o r t o x i c o r g a n i c s . H o w e v e r , f o r t h e p u r p o s e s o f e s t a b l i s h i n g t h e
r e l a t i v e
o r d e r s
o f
m a g n i t u d e
o f
t h e
L R T A P ,
a p p l i c a t i o n
o f
t h e
p a r t i c u l a t e
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m a t r
i c e s
t o s
e v e r
a l
t r a c
e m e
t a l s
o f i
n t e r
e s t
( C d ,
P b ,
Z n ,
a n d
H g )
s e e m
s r e
a -
s o n a
b l e .
N 0 X b e h a
v i o r
m i g h
t
b e s i m u
l a t e
d
b y a p p l
i c a t
i o n
o f t h e $ 0 2 m a t r
i x ,
a l t h
o u g h
t h i s w o u l
d
p r o b
a b l y
y i e l
d
a n o v e r
e s t i
m a t e
a t l o n g d i s t
a n c e
s .
P A H
b e h a
v i o r
m i g h
t r e
a s o n
a b l y
b e e
x p e c
t e d
t o f
a l l
i n t o
t h e
r a n g
e o f
t h e
S O 2
a n d
p a r t
i c u l
a t e
c o e f
f i c i
e n t s
.
E s p e
c i a l
l y
f o r
t h e
l o n g
e r
d i s t
a n c e
s ,
t h e
e s s e
n t i a
l l y
c o n s
e r v a
t i v e
p o l l
u t a n
t
b e h a
v i o r
a s s u
m e d
b y t h e p a r t
i c u l
a t e
a n a l
y s i s
( s u b
j e c t
m e r e
l y
t o
w e t
a n d
d r y
d e p o
s i t i
o n
m e c h
a n i s
m s ) ,
w i l l
y i e l
d
t h e
h i g h
e r
n u m e
r i c a
l
v a l u
e
o f c o e f
f i c i
e n t ;
t h e $ 0 2 c o e f
f i c i
e n t ,
a l s o b e i n
g
s u b j
e c t
t o r e m o
v a l
b y o x i d
a t i o
n
t o $ 0 4 , w i l l y i e l
d
t h e l o w e
r
v a l u
e .
T a b
l e
1 7
p r e
s e n
t s
t h e
L R T
c o e
f f i
c i e
n t s
f o r
p a r
t i c
u l a
t e s
, f
r o m
s e l
e c t
e d
A Q C
R ' s
t h a
t r
e p r
e s e
n t
t h e
f o c i
o f
s y n
f u e
l s
i n t
e r e
s t
( s e e
F i g
u r e
s 5
a n d
6 )
t o
4
s e l
e c t
e d
A Q C
R ' s
i n
t h e
G r e
a t
L a k
e s
b a s
i n
a r e a
.
B e c
a u s
e o
f t
h e
s i g
n i f
i c a
n t
g e o
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p h i
c a l
e x t
e n t
o f
t h e
b a s
i n ,
t h e
d a t
a s
h o w
s i g
n i f
i c a
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n o t
u n e
x p e
c t e
d ,
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i a t
i o n
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c r o
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f o u
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Q C R
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s i d
e r e
d .
U t i
l i t
y s
t a c
k
h e i
g h t
s
a r e
a s s
u m e
d .
T a b
l e
1 8
s h o
w s
t h e
L R T
c o e
f f i
c i e
n t s
f o r
$ 0 2 ,
a n d
T a b
l e
1 9
f o r
3 0 4 .
N o t
e t
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t h e
$ 0 4
c o e
f f i
c i e
n t s
a r e
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n a t
e d
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t e r
m s
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f
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.
A f
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i a g
o n a
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a y a
p p r
o a c
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n i t
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f f i
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n t s
i n d
i c a
t e ,
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f e r
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o n e
o f
o r d
e r s
o f
m a g
n i t
u d e
.
T h e
p a r
t i c
u l a
t e
a n d
$ 0 2
c o e
f f i
c i e
n t s
f o r
A Q C
R 3
5 ,
r e f
l e c
t i n
g t
h e
l i k
e l y
l o c
a t i
o n
o f
o i l
s h a
l e
p r o
j e c
t s ,
a r e
t h r
e e
o r d
e r s
o f
m a g
n i t
u d e
s m a
l l e
r t
h a n
t h e
d i a
g o n
a l
t e r
m s ;
t o
b e
e q u
i v a
l e n
t
t o
a l
o c a l
p r o
j e c
t ,
o i l
s h a
l e
e m i
s s i
o n s
w o u
l d
n e e
d t
o b
e t
h r e
e o
r d e
r s
o f
m a g
n i t
u d e
g r e
a t e
r .
A s
i m i
l a r
c o n
c l u
s i o
n h
o l d
s f
o r
A Q C
R
1 4 ,
r e p
r e s
e n t
i n g
t h e
F o u
r
C o r
n e r
s
l o c
a t i
o n
( a n d
t h e
m a n
y
l a r
g e
c o a
l - f
i r e
d
p o w
e r p l a
n t s p r o
j e c
t e d
f o r s o u
t h e
r n
U t a
h ) .
B a s
e d
o n
t h e
m a g
n i t
u d e
s o
f t
h e
c o e
f f i
c i e
n t s
,
i t
a p p
e a r
s t
h a t
c e r
t a i
n
s y n
f u e
l s p
r o j
e c t
l o c
a t i
o n s m
a y h
a v e
s i g
n i f
i c a
n c e
. F o
r e x
a m p
l e ,
i n s
p e c
t i o
n o f
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T A B L E 1 7
L O N G R A N G E T R A N S P O R T C O E F F I C I E N T S F O R P A R T I C U L A T E S
( u g / m 3 / 1 0 0 0 t o n n e s )
 
 
T o
F r a n A C Q R 6 7 A C Q R 1 2 9 A C Q R 1 5 8 A C Q R 1 7 4
A C Q R C h i c a g o N . M i n n e s o t a E . L a k e O n t a r i o S . L a k e E r i e
6 7 2 x 1 0 ‘ 2 1 x 1 0 ' 4 8 x 1 0 ' 3 2 x 1 0 ' 3
C h i c a g o
1 2 9 7 x 1 0 ’ 3 1 x 1 0 ' 2 4 x 1 0 ‘ 4 3 x 1 0 ' 4
N . M i n n e s o t a
1 5 8 o o 2 x 1 0 ' 2 0
E . L a k e O n t a r i o
1 7 4 8 x 1 0 ‘ 5 2 x 1 0 ‘ 5 2 x 1 0 ‘ 3 2 x 1 0 ‘ 2
S . L a k e E r i e
3 5 1 x 1 0 ' 4 6 x 1 0 ‘ 5 3 x 1 0 ' 5 4 x 1 0 ' 5
( 0 1 1 S h a l e
1 4 8 x 1 0 ‘ 4 6 x 1 0 ‘ 5 3 x 1 0 ' 5 4 x 1 0 ‘ 5
( F o u r C o r n e r s )
1 7 2 2 x 1 0 ' 4 1 x 1 0 ' 3 1 x 1 0 ' 4 1 x 1 0 ' 4
( N . G r e a t P l a i n s )
7 7 4 x 1 0 ' 4 7 x 1 0 ‘ 4 6 x 1 0 ' 4 1 x 1 0 ' 3
( S . I l l i n o i s )
2 4 1 2 x 1 0 ' 4 2 x 1 0 ' 4 4 x 1 0 ‘ 5 6 x 1 0 ” 5
( W y o m i n g )
1 5 1 1 0 x 1 0 ' 1 1 0 2 x 1 0 ' 3 1 x 1 0 ' 7
( P e n n s y l v a n i a )
2 3 5 3 x 1 0 ‘ 6 7 x 1 0 ' 6 1 x 1 0 ' 3 2 x 1 0 ' 4
( w . V i r g i n i a )
 
 
 
   
 
T a b l e s 1 7 t o 1 9 f o r c o e f f i c i e n t s o n e o r d e r o f m a g n i t u d e s m a l l e r t h a n
d i a g o n a l t e r m s , l e a d s t o t h e f o l l o w i n g A Q C R p a i r i n g s :
t h e
N o r t h e r n G r e a t P l a i n s a n d t h e L a k e S u p e r i o r s u r r o g a t e ( A Q C R 1 2 9 )
S o u t h e r n I l l i n o i s a n d t h e L a k e M i c h i g a n a n d L a k e E r i e s u r r o g a t e s
a n d 1 7 4 )
P e n n s y l v a n i a a n d t h e L a k e O n t a r i o s u r r o g a t e ( A Q C R 1 5 8 )
( A Q C R 6 7
W e s t V i r g i n i a a n d t h e L a k e E r i e a n d L a k e O n t a r i o s u r r o g a t e s ( A Q C R 1 5 8
a n d 1 7 4 )
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T A B L E 1 8
L O N G
R A N G E
T R A N S P O R T
C O E F F I C I E N T S
F O R
5 0 2
( p g / m 3 / 1 0 0 0 t o n n e s )
T o
F r o m
R C O R
6 7
A C Q R
1 2 9
A c O R
1 5 8
A C Q R
1 7 4
A C Q R
C h i c a g o
N .
M i n n e s o t a
E .
L a k e
O n t a r i o
S .
L a k e
E r i e
6 7
3
x
1 0 ‘ 2
6
x
1 0 ' 6
1
x
1 0 ‘ 4
3
x
1 0 ' 4
C h i c a g o
1 2 9
1
x
1 0 ' 4
8
x
1 0 ‘ 3
1
x
1 0 ' 5
4
x
1 0 ' 5
N . M i n n e s o t a
1 5 8
O
O
4
x
1 0 ' 2
4
x
1 0 ' 6
E . L a k e O n t a r i o
1 7 4
1
x
1 0 ‘ 5
3
x
1 0 ' 9
6
x
1 0 ' 4
6
x
1 0 ' 2
S . L a k e E r i e
3 5
3
x
1 0 ' 7
3
x
1 0 ' 7
O
4
x
1 0 ' 9
( O i l S h a l e
1 4
1
x
1 0 ' 7
2
x
1 0 ' 8
3
x
1 0 ' 1 2
2
x
1 0 ' 5
( F o u r C o r n e r s )
1 7 2
9 x
1 0 ' 6
2 x
1 0 ' 4
7 x
1 0 ' 7
2 x
1 0
5
( N . G r e a t P l a i n s )
7 7
2 x
1 0 ' 4
9 x
1 0 ‘ 1 0
9 x
1 0 ‘ 7
4 x
1 0 ‘ 4
( S . I l l i n o i s )
2 4 1
O
1 x
1 0 ' 6
O
0
( W y o m i n g )
1 5 1
O
O
8 x
1 0 ‘ 4
2 x
1 0 ' 6
( P e n n s y l v a n i a )
- 9
- 4
— 4
2 3 5
9 x
1 0
O
1 x
1 0
4 x
1 0
( w . V i r g i n i a )
 
 
  
.
a
t
0 n
t h e
b a s
i s
o f
t h e
s e
c o e
f f i
c i e
n t s
a l o
n e ,
t h e
n ,
i t
w o u
l d
b e
e x p
e c t
e d
t h a
t
t h e
s y n
f u e
l s
i n d
u s t
r y
t o
t h e
s o u
t h
o f
t h e
G r e
a t
L a k
e s
b a s
i n ,
a n d
t o
t h e
w e s
t
i n
t h e
n o r
t h e
r n
G r e
a t
P l a
i n s
a r e
a ,
a r e
l i k
e l y
t o
b e
t h e
m o s
t s
i g n
i f i
c a n
t f
r o m
t h e
s t a
n d p
o i n
t
o f
L R T
A P
t o
t h e
G r e
a t
L a k
e s ,
a n d
d o m
i n a
t e
a n y
t h i
n g
t h a
t
m a y
o c c
u r
f u r
t h e
r w e
s t
( o i
l s
h a l
e d
e v e
l o p
m e n
t i n
p a r
t i c
u l a
r ) .
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T A B L E 1 9
L O N G
R A N G E
T R A N S P O R T
C O E F F I C I E N T S
F O R
3 0 4
( p g / m 3 / 1 0 0 0 t o n n e s )
T o
F r a n
A C Q R
6 7
A C Q R
1 2 9
A C Q R
1 5 8
A C Q R
1 7 4
A C
R
C h i c a g o
N .
M i n n e s o t a
E .
L a k e
O n t a r i o
S .
L a k e
E r i e
6 7
6 x
1 0 ' 3
3 x
1 0 ‘ 5
6 x
1 0 ' 4
4 x
1 0 ' 4
C h i c a g o
1 2 9
3 x
1 0 ' 4
2 x
1 0 ' 3
2 x
1 0 ' 4
2 x
1 0 ‘ 4
N . M i n n e s o t a
1 5 8
O
O
7 x
1 0 ' 3
3 x
1 0 ‘ 5
E . L a k e O n t a r i o
1 7 4
2 x
1 0 ' 4
6 x
1 0 ' 7
6 x
1 0 ' 4
1 0
x 1 0 ' 3
S . L a k e E r i e
3 5
2 x
1 0 ' 5
2 x
1 0 ‘ 5
O
3 x
1 0
' 7
( 0 1 1 S h a l e
1 4
4 x
1 0 ' 7
2 x
1 0 ' 6
1 0
x 1 0 ' 1 0
3 x
1 0 ' 6
( F o u r C o r n e r s )
1 7 2 9 x 1 0 ‘ 5 4 x 1 0 ' 4 1 x 1 0 ' 5 4 x 1 0 ' 5
( N . G r e a t P l a i n s )
7 7 9 x 1 0 ' 4 2 x 1 0 ’ 8 3 x 1 0 ' 4 9 x 1 0 ' 4
( 5 .
I l l i n o i s )
" “ “ “ ‘
_ _ _ _ _ _ _ _
2 4 1 O 3 x 1 0 ’ 5 O 0
( W y o m i n g )
1 5 1
O
O
1 0 x
1 0 ' 4
2 x
1 0 ‘ 5
( P e n n s y l v a n i a )
- 7 - 4 — 4
2 3 5 7 x 1 0 O 3 x 1 0 1 0 x 1 0
( w . V i r g i n i a )
 
F i n a l l y , i t s h o u l d b e n o t e d t h a t p o t e n t i a l C a n a d i a n s y n f u e l s p l a n t s , a n d
t h e
T a r
S a n d s
p l a n t s
i n p a r t i c u l a r ,
a r e
a l s o
m o s t
l i k e l y
t o b e
l o c a t e d
a t a
g r e a t d i s t a n c e f r o m t h e G r e a t L a k e s b a s i n ; f o r t h e s e d i s t a n c e s o n e w o u l d
e x p e c t
L R T
c o e f f i c i e n t s
a l s o
t o b e
a t l e a s t
1 o r
2 o r d e r s
o f m a g n i t u d e
l e s s
t h a n t h e i n t r a — r e g i o n a l c o e f f i c i e n t s s h o w n i n T a b l e s 1 7 , 1 8 a n d 1 9 .
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 R e s i d u a l s
G i v
e n
t h e
c o n
c l u
s i o
n
o f
t h e
p r e
v i o
u s
s e c
t i o
n
t h a
t
t h e
L R T
A P
c o e
f f i
c i e
n t s
f o r
t h e
p r o
b a b
l e
l o c
a t i
o n s
f o r
t h e
s y n
f u e
l s
i n d
u s t
r y
w e r
e
t w o
o r
m o r
e
o r d
e r s
o f
m a g
n i t
u d e
s m a
l l e
r t
h a n
f o r
l o c
a t i
o n s
w i t
h i n
t h e
b a s
i n
w h e
r e
c o n
v e n
t i o
n a l
c o a
l - f
i r e
d
p o w
e r
p l a
n t s
a r e
l i k
e l y
t o
b e
l o c
a t e
d ,
i t
f o l
l o w
s
t h a
t
t h e
n e x
t
s t e
p
i s
t o
c o m
p a r
e t
h e
e m i
s s i
o n s
f r o
m
s y n
f u e
l s
p l a
n t s
w i t
h
e m i
s s i
o n s
f r o
m
c o n
v e n
t i o
n a l
p l a
n t s
.
O n l
y
i f
s y n
f u e
l
p l a
n t
e m i
s s i
o n s
w e r
e
t w o
o r
m o r
e
o r d
e r s
h i g
h e r
t h a
n
t h o
s e
f r o
m
c o n
v e n
t i o
n a l
c o m
b u s
t i o
n ,
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l d
t h e
L R T
A P
e f f
e c t
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n i f
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n
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f u e
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T a
b l
e s
2 0
a n d
2 1
s h
o w
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d u
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r
t h
e
f o
l l
o w
i n
g
p o
l l
u t
a n
t s
:
$ 0 2
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N O X
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m e
r c
u r
y
( H g
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c a
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( C d
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z i
n c
( Z n
) ,
l e
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e x
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D a
t a
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b l
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T h
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e c
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.
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a c
e
m e
t a
l s
,
i t
m u
s t
b e
r e
m e
m b
e r
e d
t h
a t
t h
e
t r
a c
e
e l
e m
e n
t
c o
n t
e n
t
o f
c o
a l
s
v a
r i
e s
n o
t
o n
l y
a c
r o
s s
m a
j o
r
c o
a l
p r
o v
i n
c e
s ,
b u
t
a l
s o
q u
i t
e
s i
g n
i f
i c
a n
t l
y
w i
t h
i n
e a
c h
p r
o v
i n
c e
;
t h
e
r u
b r
i c
" W
e s
t e
r n
"
o r
" A
p p
a l
a c
h i
a n
b i
t u
m i
n o
u s
“
c o
a l
m a
y
o b
s c
u r
e
l a
r g
e
e x
p e
c t
e d
v a
r i
a n
c e
s
w i
t h
i n
t h
a t
c a
t e
g o
r y
,
a
p o
i n
t
m a
d e
b y
t h
e
d a
t a
i n
T a
b l
e
2 3
.
T h
u s
,
w h
i l
e
d i
f f
e r
e n
c e
s
i n
a v
e r
a g
e
t r
a c
e
e l
e m
e n
t
c o
n t
e n
t
b e
t w
e e
n
c o
a l
p r
o v
i n
c e
s
a r
e
g e
n e
r a
l l
y
l e
s s
t h
a n
o n
e
o r
d e
r
o f
m a
g n
i t
u d
e ,
t h
e
r a
n g
e
o f
o b
s e
r v
a t
i o
n s
s p
a n
s ,
t y
p i
c a
l l
y ,
t w
o
o r
d e
r s
o f
m a
g n
i t
u d
e w
i t
h i
n
e a
c h
p r
o v
i n
c e
.
T h
e
t r
a c
e
e l
e m
e n
t
e m
i s
s i
o n
f a
c t
o r
s
i n
d i
c a
t e
d
i n
T a
b l
e s
2 0
- 2
2
m a
y
t h
e r
e f
o r
e
b e
s u
b j
e c
t
t o
c o
n s
i d
e r
a b
l e
v a
r i
a t
i o
n .
W i
t h
r e
s p
e c
t
t o
p o
l y
n u
c l
e a
r
a r
o m
a t
i c
h y
d r
o c
a r
b o
n s
( P
A H
) ,
t h
e
d a
t a
f o
r
s y
n f
u e
l s
t e
c h
n o
l o
g i
e s
a r
e
e x
t r
e m
e l
y
l i
m i
t e
d .
T h
e
l i
t e
r a
t u
r e
i s
f u
l l
o f
s t
a t
e m
e n
t s
s u
c h
a s
:
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T A B L E 2 0
5 0 2 A N D N O X R E S I D U A L S P E R U N I T O F E N E R G Y O U T P U T
( t o n n e s / 1 0 1 5 J o u T e s )
 
 
   
    
   
 
    
   
  
 
T e c h n o i o g y
L i u e f a c t i o n
S R C - I I ( U . S . D O E , T e c h n o i o g y , 1 9 8 0 ) 1 9
( O R N L , 1 9 7 8 ) 1 4
H - C o a i ( U . S . D O E , T e c h n o i o g y , 1 9 8 0 ) 6 2
( O R N L , 1 9 7 8 ) 1 7
G a s i f i c a t i o n
L u r g i
w . V i r g i n i a ( O R N L 1 9 7 8 ) 7 6
W y o d a k ( O R N L 1 9 7 8 ) 2 8
L i g n i t e , ( U . S . D O E , T e c h n o i o g y , 1 9 8 0 ) 2 2 7
W e s t e r n S u b b i t u m i n o u s ( D O E ,
T e c h n o l o g y , 1 9 8 0 ) 2 2
O i l S h a l e
T o s c o - I I ( O R N L , 1 9 7 8 ) 5 6
( U . S . D O E , T e c h n o i o g y , 1 9 8 0 ) 9 . 5
P a r a h o ( U . S . D O E , O i T , 1 9 8 0 ) 2 3
C o n v e n t i o n a l C o a i C o m b u s t i o n
 
   
 
 
E a s t e r n , B i t u m i n o u s ( U . S . D O E ,
T e c h n o ] o g y , 1 9 8 0 ) 7 3 1
W e s t e r n , S u b b i t u m i n o u s ( U . S . D O E , C o a T , 1 9 8 0 ) 5 1 6
N O
2 6
3 4
3 5
4 8
7 9
5 5 2
2 2
5 9
5 4
1 6
7 3 1
7 3 1
 
 
  
    
  
    
a s s e s s m e n t s .
1 9 8 0 ) n o t e s :
 
" U n q u a n t i f i e d a m o u n t s o f P A H a r e e x p e c t e d t o b e e m i t t e d
w i t h p a r t i c u i a t e s w h i c h e s c a p e a i r p o i i u t i o n e q u i p m e n t "
w i t h r e s p e c t t o t h e S R C - I I i i q u e f a c t i o n p r o c e s s , ( H o p k i n s
g t 3 1 . , 1 9 7 8 ) .
E v e n w i t h r e s p e c t t o c o n v e n t i o n a l c o a i c o m b u s t i o n , t h e r e i s v e r y T i t t i e
q u a n t i t a t i v e d a t a f o r P A H , a s h o r t c o m i n g n o t e d b y a n u m b e r o f r e c e n t
F o r e x a m p T e , a r e c e n t s t u d y o f T e k n e k r o n ( C h r i s t m a n e t _ a l . ,
 
 
 T A B L E 2 1
T R A C E E L E M E N T R E S I D U A L S P E R U N I T O F E N E R G Y O U T P U T
( t o n n e s / 1 0 1 5 J o u l e s )
 
 
 
P o l y —
n u c l e a r
O r g a n i c
T e c h n o l o g y C d H g Z n P b M a t e r i a l
L i g u i f a c t i o n
- 4 - 5 - 3 — 4 - 9
S R C - I I ( U . S . D O E , 1 . 5 X 1 0 2 . 5 X 1 0 1 . 1 x l O 5 x 1 0 1 . 3 x 1 0
T e c h n o l o g y , 1 9 8 0 )
( O R N L , 1 9 7 8 ) 1 . 1 x 1 0 ' 4 2 . 0 x 1 0 ' 5 0 . 9 x 1 0 ' 3 4 . 1 x 1 0 ' 4 0 . 9 x 1 0 ' 3
— 2 - 3 - 2 2
H - C o a l ( O R N L , 1 9 7 8 ) 0 . 9 x 1 0 5 . 3 x 1 0 5 x 1 0 0 . 9 x l D - - -
G a s i f i c a t i o n
O i l S h a l e
C o n v e n t i o n a l C o a l
E a s t e r n
B i t u m i n o u s
2 x 1 0 - 4
- - -
- - -
3 x 1 0 - 3
— - -
( U . S . D e p a r t m e n t o f E n e r g y , T e c h n o l o g y , 1 9 8 0 )
W e s t e r n B i t u m i n o u s ( U . S . D O E , 4 x 1 0 ' 4 — — — 0 . 9 x 1 0 ' 2 0 . 9 x 1 0 - 3 — - -
( U . S . D e p a r t m e n t o f E n e r g y , C o a l , 1 9 8 1 )
 
 
" T h e r e a r e l i m i t e d d a t a o n t h e r e l a t i v e c o n c e n t r a t i o n s o f s p e c i f i c
o r g a n i c c o m p o u n d s i n c o a l d e r i v e d f l u e g a s . D a t a o n a m b i e n t
c o n c e n t r a t i o n s o f s p e c i f i c o r g a n i c s i n t h e v i c i n i t y o f c o a l - f i r e d
p o w e r p l a n t s a r e v i r t u a l l y n o n - e x i s t e n t "
F o r t h e p u r p o s e s o f t h i s p r e l i m i n a r y a s s e s s m e n t , t h e n , i t s e e m s c l e a r t h a t
t h e r e i s v e r y l i t t l e b a s i s i n d e e d f o r t a l k i n g o f e m i s s i o n f a c t o r s f o r P A H i n
t h e s a m e m a n n e r a s t h e t e r m w i l l b e u s e d f o r t h e o t h e r p o l l u t a n t s o f i n t e r e s t ;
t h e
a v a
i l a
b l e
d a t
a p
o i n
t s
a r e
s o
f e w
a s
t o
h a v
e l
i t t
l e
m e a
n i n
g .
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T A B L E 2 2
E M I S S I O N S
A T
S O M E
M A J O R
S Y N F U E L
F A C I L I T I E S
( t o n n e s p e r y e a r )
 
 
F a
c i
I i
t y
5 0
N 0
C d
H g
Z n
P b
P A
H
2 x
  
G r
e a
t
P I
a i
n s
G a
s i
f i
c a
t i
o n
p r
o j
e c
t h
( 7
. 1
x
1 0
2 m
3 §
d a
y )
2 5
6 3
9 9
8
( h )
( h )
( h )
( h )
( 2
5 0
x 1 0 f t / d
a y
)
B a s i n E I e c t r i c
( M e
r c e
r
C t y
,
N D
8 8 0
M W )
h
1 0 7
3 1
4 4 7
2
0 . 0
5
0 . 6
5
-
2 2
F o u
r
C o r
n e r
s a
p r e
c o n
t r o
I s
8 1 6
4 7
4 8 9
8 8
0 . 2
4
0 . 4
8 5
5 . 3
3 . 3
( 2 1
7 5
M W )
a f t
e r
c o n
t r o
I s
2 4 3
1 2
3 6 2
9
-
-
-
-
A t i
k o k
a n b
( 8 0
0
M w ,
0 . 8
%
S )
4 7 4
4 6
2 8 1
2 3
-
0 . 6
4
-
-
T o s
c o -
I I f
( 7 .
6
x
1 0 3
m 3 /
d a y
)
1 1 2
6
7 1 6
7
—
-
-
-
( 5 0
, 0 0
0
b e
s /
d a
y )
P a r
a h o
C
( 7 .
9
x
l O 3
m 3 /
d a y
)
2 6 3
1
1 9 0
5
-
—
—
-
( 5 0 , 0 0 0 b e S / d a y )
L o w e r A r m s t r o n g g
( 1 8 7 8
M W ,
A r m s t r o n g
C t y ,
P A )
3 7 1 0 4
3 7 1 0 4
0 . 1 5
0 . 6 5
3 . 8
4 . 4
5 0 0 M w W e s t e r n C o a ]
S u b j e c t
t o
N S P S d
6 4 8 6
9 2 5 3
0 . 0 0 4
-
0 . 3 0 3
0 . 0 1 4
5 0 0 M W I I I i n o i s C o a I
S u b j e c t
t o
N S P S e
9 2 5 3
9 2 5 3
0 . 0 0 2
-
—
0 . 0 0 6
 
 
A r i z o n a P u i n c S e r v i c e C o . , 1 9 7 5 .
G I a s s
&
L o u c k s ,
1 9 8 0 ,
b u t
a d j u s t e d
f o r
a 7 0 %
p I a n t
f a c t o r
U . D e p a r t m e n t o f E n e r g y , 0 i ] , 1 9 8 0
U .
D e p a r t m e n t
o f
E n e r g y ,
M a t r i x ,
1 9 8 1
U .
D e p a r t m e n t
o f
E n e r g y ,
T e c h n o I o g y ,
1 9 8 0
U .
D e p a r t m e n t
o f
E n e r g y ,
P r o g r a m m a t i c ,
1 9 8 0
U .
E n v i r o n m e n t a I
P r o t e c t i o n
A g e n c y ,
N a t i o n a I ,
1 9 7 8
U .
. D e p a r t m e n t
o f
E n e r g y ,
F i n a I
1 9 8 0 .
W i t h
r e s p e c t
t o
t r a c e
e I e m e n t s ,
t h e
E I S
n o t e s
“ I n
t h e
g a s i f i c a t i o n
p r o c e s s ,
t h e
A s
a n d
H g
e n d s
u p
i n
t h e
s I u d g e
e v a p o r a t o r s ,
a n d
a I m o s t
a 1 ]
t h e
B e ,
B o ,
F
a n d
P b
r e m a i n s
i n
t h e
a s h ,
a n d ,
t h u s ,
w o u I d
b e
b u r i e d
i n
t h e
m i n e "
p p .
3 - 7 ) .
:
r
c
a
-
h
(
D
a
n
U
m
m
m
m
m
m
m
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T A B L E 2 3
T R A C E M E T A L C O N T E N T O F C O A L
( p g / 9 )
C o a l
H g
C d
P b
Z n
A n t h r a c i t e
0 . 1 1
0 . 1 9
7 . 5
1 0 . 0
( 0 . 0 3 - 1 . 2 5 )
( 0 . 0 2 - 1 . 3 7 )
( 1 . 0 - ? 4 . 1 )
( 0 . 1 - 6 4 . 6 )
A p p a l a c h i a n
B i t u m i n o u s
0 . 1 4
0 . 3
1 0 . 9
1 2 . 8
( 0 . 0 1 - 3 . 3 0 )
( 0 . 0 3 - 6 . 8 )
( l . 0 - 6 9 . 0 )
( 1 . 5 - 1 0 7 2 . 0 )
I n t e r i o r
B i t u m i n o u s
0 . 1 3
0 . 2
2 . 8
2 8
( 0 . 0 3 - 1 . 0 )
( 0 . 1 1 - 5 . 5 )
( 2 . 8 - 1 2 9 )
( 5 - 2 0 1 )
G u l f
P r o v i n c e
L i g n i t e
0 . 1
0 . 1 2
1 9
5 8
( 0 . 0 1 - 0 . 8 3 )
( 0 . 0 2 - 1 0 0 )
( 0 . 7 - 2 8 3 )
( 1 . 2 - 1 8 0 0 0 )
N o r t h e r n
G r e a t
P l a i n s
0 . 0 6
0 . 2
4 . 3
1 2
( 0 . 0 1 — 0 . 4 9 )
( 0 . 1 - 0 . 5 )
( 1 . 5 - 4 2 )
( 1 — 8 6 )
R o c k y
M o u n t a i n
P r o v i n c e
0 . 0 4
0 . 3
6 . 8
6
( 0 . 0 1 - 1 . 4 8 )
( 0 . 0 3 - 0 . 5 )
( 0 . 9 - 1 9 )
( 1 . 0 - 1 3 0 )
S o u r c e : S w a n s o n , V . E . g t _ a l . , 1 9 7 6 .
N o t e :
V a l u e s
a r e
g e o m e t r i c
m e a n s
( e x p e c t e d
v a l u e ) ;
n u m b e r s
i n
p a r e n t h e s e s
s h o w
t h e
r a n g e
o f
o b s e r v a t i o n s .
 
 
 
A t
t h
i s
p o
i n
t
t h
e r
e
s e
e m
s
t o
b e
n o
e v
i d
e n
c e
t h
a t
e m
i s
s i
o n
s
f r
o m
s y
n f
u e
l s
f a
c i
l i
t i
e s
w i
l l
b e
s e
v e
r a
l
o r
d e
r s
o f
m a
g n
i t
u d
e
h i
g h
e r
t h
a n
a t
c o
n v
e n
t i
o n
a l
c o
a l
c o
m b
u s
t i
o n
f a
c i
l i
t i
e s
.
I n
d e
e d
,
b a
s e
d
o n
t h
e
e s
t i
m a
t e
s
f o
r
$ 0
2
a n
d
N O
X ,
o n
e
c a
n
s t
a t
e
t h
a t
s y
n f
u e
l
p l
a n
t
e m
i s
s i
o n
s
a r
e
l i
k e
l y
t o
b e
c o
n s
i d
e r
a b
l y
l o
w e
r
t h
a n
f o
r
c o
n v
e n
t i
o n
a l
c o
m b
u s
t i
o n
.
A n
d
e v
e n
g i
v e
n
t h
e
c o
n s
i d
e r
a b
l e
u n
c e
r t
a i
n t
i e
s
s u
r r
o u
n d
i n
g
t h
e
t r
a c
e
m e
t a
l
d a
t a
,
t h
e r
e
i s
n o
e v
i d
e n
c e
o f
s y
s t
e m
a t
i c
a l
l y
h i
g h
e r
e m
i s
i o
n s
.
O n
e
f u
r t
h e
r
a r
g u
m e
n t
i s
r e
l e
v a
n t
h e
r e
.
I t
i s
t h
e
n a
t u
r e
o f
t h
e
s y
n f
u e
l s
p r
o c
e s
s e
s
t h
a t
t h
e
m a
j o
r
o p
e r
a t
i o
n s
t a
k e
p l
a c
e
i n
c l
o s
e d
c h
a m
b e
r s
t h
a t
a r
e
n o
t
n o
r m
a l
l y
v e
n t
e d
t o
t h
e
a t
m o
s p
h e
r e
,
i n
c o
n t
r a
s t
t o
c o
n v
e n
t i
o n
a l
c o
a l
c o
m b
u s
t i
o n
w h
o s
e
g a
s e
o u
s
c o
m b
u s
t i
o n
p r
o d
u c
t s
a r
e
r e
l e
a s
e d
t h
r o
u g
h
t h
e
s t
a c
k .
C o
n s
e q
u e
n t
l y
,
i t
f o
l l
o w
s
t h
a t
m o
s t
o f
t h
e
e m
i s
s i
o n
s
t h
a t
d o
o c
c u
r
a r
e
i n
t h
e
n a
t u
r e
o f
f u
g i
t i
v e
e m
i s
s o
n s
a n
d
s o
f o
r t
h ;
t h
e
k e
y
i s
s u
e
b e
i n
g
t h
a t
s u
c h
e m
i s
s i
o n
s e
n t
e r
t h
e
a t
m o
s p
h e
r e
a t
o r
c l
o s
e
t o
g r
o u
n d
l e
v e
l .
T h
e r
e f
o r
e ,
a n
y
a b
o v
e -
n o
r m
a l
e m
i s
s i
o n
s
a r
e
p r
i m
a r
i l
y
o f
c o
n c
e r
n
f o
r
o c
c u
p a
t i
o n
a l
h e
a l
t h
a n
d
5
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s a f
e t y
a t
t h e
l o c
a t i
o n
o f
t h e
s y n
f u e
l s
f a c
i l i
t y
i t s
e l f
( w h
i c h
a s
n o t
e d
e a r
l i e
r
i s
u n l
i k e
l y
t o
b e
w i t
h i n
t h e
G r e
a t
L a k
e s
b a s
i n )
.
E m i
s s i
o n s
a t
o r
c l o
s e
t o
g r o
u n d
l e v e
l
a r e ,
i n
a n y
e v e
n t ,
o f
l e s
s e r
i n t
e r e
s t
t o
t h e
L R T
A P
m e c
h a n
i s m
( e s
p e c
i a l
l y
w h e
n c
o m p
a r e
d
t o
l a r
g e
c o n
v e n
t i o
n a l
p o w
e r
p l a
n t s
w i t
h v
e r y
t a l l
s t a
c k s
) .
C u m u l a t i v e I m p a c t t o t h e G r e a t L a k e s B a s i n
 
T h e
f i n
a l
o r d
e r
o f
b u s
i n e
s s
i s
t o
c o n
s i d
e r
t h e
t o t
a l
i m p
a c t
o f
t h e
s y n
f u e
l s
i n d
u s t
r y
d e v
e l o
p m e
n t .
E v e
n
g i v
e n
t h a
t
s y n
f u e
l s
p l a
n t
e m i
s s i
o n s
a r e
a b o
u t
t h e
s a m
e
( o r
l e s
s
t h a
n )
a s
c o n
v e n
t i o
n a l
c o a
l
p l a
n t
e m i
s s i
o n s
o n
a n
e n e
r g y
o u t
p u t
b a s
i s ,
a n d
t h a
t
t h e
a p p
l i c
a b l
e
L R T
A P
c o e
f f i
c i e
n t s
a r e
t w o
o r
m o r
e
o r d
e r s
o f
m a g
n i t
u d e
l o w
e r
t h a
n
f o r
i n t
r a —
b a s
i n
e m i
s s i
o n s
,
i t
w o u
l d
s t i
l l
b e
p o s
s i b
l e
f o r
t h e
L R T
A P
e f f
e c t
t o
b e
s i g
n i f
i c a
n t
i f
t h e
s i z
e
o f
t h e
n e w
i n d
u s t
r y
w a s
v e r
y
m u c
h
g r e
a t e
r
t h a
n
t h e
l e v
e l
o f
c o n
v e n
t i o
n a l
c o a
l
c o m
b u s
t i o
n
w i t
h i n
t h e
b a s
i n .
L R T
c o n
t r i
b u t
i o n
s
f o r
s u l
f a t
e s
f r o
m
c o n
v e n
t i o
n a l
c o a
l
p l a
n t s
c a n
b e
v e r
y
s i g
n i f
i c a
n t
f o r
t h e
r e g
i o n
,
b e i
n g
t h e
s u m
o f
m a n
y
i n d
i v i
d u a
l l y
v e r
y
s m a
l l
c o n
t r i
b u t
i o n
s .
F i g
u r e
7
s h o
w s ,
f o r
a 1
9 9 0
e n e
r g y
s c e
n a r
i o ,
t h e
r e l
a t i
v e
c o n
t r i
b u t
i o n
s
o f
i m p
o r t
e d
v s .
l o c
a l
s u l
f a t
e
c o n
c e n
t r a
t i o
n i
n c r
e m e
n t s
.
I t
c a n
b e
s e e
n t
h a t
L R T
o f
s u l
f a t
e s
i s
i n d
e e d
a n
i m p
o r t
a n t
f a c
t o r
f o r
R e g
i o n
s I
I ,
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o u t s i d e t h e r e g i o n i s t w o o r m o r e o r d e r s o f m a g n i t u d e g r e a t e r ( o n a n e n e r g y
L o u t p u t b a s i s ) t h a n c o a l b o i l e r s w i t h i n t h e r e g i o n a r e t h e r e g r o u n d s f o r
c l a i m i n g p o t e n t i a l s i g n i f i c a n c e o f s y n f u e l s e m i s s i o n s t o t h e G r e a t L a k e s b a s i n .
E s t a b l i s h i n g s u c h a c o m p a r i s o n w i t h a n y d e g r e e o f q u a n t i t a t i v e r i g o u r g o e s
b e y o n d t h e s c o p e o f t h i s p r e l i m i n a r y a s s e s s m e n t . H o w e v e r , a f i r s t - o r d e r
e s t i m a t e c a n b e m a d e i n t e r m s o f e q u i v a l e n t e n e r g y o u t p u t i n J o u l e s . I n 1 9 7 5
t h e r e w e r e s o m e 9 5 , 0 0 0 M W o f i n s t a l l e d c o a l - f i r e d c a p a c i t y i n R e g i o n s I I I a n d
V , w h i c h m a y r i s e t o s o m e 1 5 0 , 0 0 0 M N b y t h e y e a r 2 0 0 0 . I n a d d i t i o n , t h e r e i s
a b o u t 1 2 , 5 0 0 M W o f e x i s t i n g a n d p l a n n e d c o a l - f i r e d c a p a c i t y i n t h e O n t a r i o
H y d r o s y s t e m o n t h e C a n a d i a n s i d e ( O n t a r i o M i n i s t r y o f E n e r g y , C o a l 1 9 8 0 ;
O n t a r i o M i n i s t r y o f E n e r g y , O n t a r i o , 1 9 8 1 ) . T h i s t r a n s l a t e s t o s o m e 2 1 0 0 -
l 3 2 0 0 x 1 0 1 5 J o f e l e c t r i c a l g e n e r a t i o n o r 6 3 0 0 - 9 5 0 0 x 1 0 1 5 J o f c o a l
i n p u t . 1 . 5 M 8 0 o f s y n f u e l s o u t p u t c o r r e s p o n d s t o a b o u t 2 1 0 0 x 1 0 1 0 J / y r .
T h e s y n f u e l s o u t p u t i s t h u s a l o n g w a y f r o m b e i n g e v e n o n e o r d e r o f m a g n i t u d e
g r e a t e r t h a n i n t r a - r e g i o n a l c o a l c o m b u s t i o n . I t i s a p p a r e n t , t h e n , t h a t
c o n c e r n o v e r c o a l - f i r e d c o m b u s t i o n i n t h e G r e a t L a k e s b a s i n i t s e l f s h o u l d
d o m i n a t e a n y c o n c e r n o v e r d i s t a n t s y n f u e l s f a c i l i t i e s , s i n c e s y n f u e l s o u t p u t
w o u l d n e e d t o b e o n e t o t w o o r d e r s o f m a g n i t u d e g r e a t e r f o r L R T A P e f f e c t s t o
b e s i g n i f i c a n t .
C o n c l u s i o n s
B a s e d o n t h i s f i r s t o r d e r a n a l y s i s , t h e f o l l o w i n g c o n c l u s i o n s m a y b e d r a w n :
1 . T h e s y n t h e t i c f u e l s i n d u s t r y i s n o t l i k e l y t o b e l o c a t e d i n t h e G r e a t
L a k e s b a s i n i t s e l f . T h e r e f o r e , w a t e r a n d s o l i d w a s t e / l e a c h a t e
p a t h w a y s f o r e m i s s i o n s o f t o x i c s u b s t a n c e s f r o m s u c h f a c i l i t i e s a r e
n o t o f m a j o r c o n c e r n f o r t h e G r e a t L a k e s . S i m i l a r l y , a m o n g a i r
p a t h w a y s , i t i s o n l y t h e l o n g r a n g e t r a n s p o r t m e c h a n i s m t h a t i s o f
p o t e n t i a l i n t e r e s t ; n e a r f i e l d e f f e c t s , f u g i t i v e e m i s s i o n s a n d s o
f o r t h a r e o f n o d i r e c t i n t e r e s t .
2 . T h e m a g n i t u d e o f t h e l o n g r a n g e t r a n s p o r t o f a i r p o l l u t a n t s f r o m
d i s t a n t s y n f u e l s f a c i l i t i e s i s t w o o r m o r e o r d e r s o f m a g n i t u d e
s m a l l e r t h a n f o r i n t r a - b a s i n t r a n s p o r t . S i n c e e m i s s i o n s f r o m
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 1 .
s y n f u e l s p l a n t s a r e l i k e l y t o b e e q u a l t o o r s m a l l e r t h a n t h o s e f r o m
c o n v e n t i o n a l c o a l p l a n t s ( o n a n e n e r g y b a s i s ) , a n d s i n c e t h e t o t a l
e n e r g y o u t p u t o f e v e n t h e m o s t o p t i m i s t i c s y n f u e l s i n d u s t r y
p r o j e c t i o n i s s o m e w h a t l e s s t h a n t h e o u t p u t o f c o n v e n t i o n a l c o a l
p l a n t s i n t h e G r e a t L a k e s b a s i n r e g i o n i t s e l f , i t f o l l o w s t h a t t o t a l
L R T A P e f f e c t f r o m s y n f u e l s p l a n t s w i l l a l s o b e t w o o r m o r e o r d e r s o f
m a g n i t u d e s m a l l e r .
T h e i m m e d i a t e c o r o l l a r y i s t h a t t o t h e e x t e n t t h a t a i r t r a n s p o r t i s
a n i m p o r t a n t p a t h w a y f o r t h e i n t r o d u c t i o n o f t r a c e m e t a l s a n d t o x i c
o r g a n i c s u b s t a n c e s i n t o t h e G r e a t L a k e s b a s i n e c o s y s t e m , a s r e c e n t
e v i d e n c e w o u l d s u g g e s t , t h e f o c u s o f t r a c e e l e m e n t m a t e r i a l b a l a n c e s
m u s t b e c o n v e n t i o n a l c o a l b o i l e r s i n t h e G r e a t L a k e s b a s i n i t s e l f .
I n t e r m s o f t h e m o s t l i k e l y a r e a s o f L R T A P c o n c e r n , f o r t h e w e s t e r n
G r e a t L a k e s b a s i n ( a n d L a k e S u p e r i o r i n p a r t i c u l a r ) , c o n v e n t i o n a l
c o a l c o m b u s t i o n i n t h e n o r t h e r n G r e a t P l a i n s a r e a i s p o t e n t i a l l y t h e
m o s t i m p o r t a n t . H o w e v e r , t h e l i k e l y d e v e l o p m e n t o f c o a l g a s i f i c a t i o n
i n t h i s a r e a i s a t f a r t o o s m a l l a s c a l e t o b e v i e w e d a s a
s i g n i f i c a n t i n f l u e n c e f o r t h e f o r e s e e a b l e f u t u r e .
D e v e l o p m e n t s i n t h e f a r w e s t ( U t a h , t h e F o u r C o r n e r s a r e a , o i l s h a l e
d e v e l o p m e n t i n C o l o r a d o ) a r e s i m p l y t o o d i s t a n t t o h a v e a n y
m e a s u r a b l e i n f l u e n c e i n t h e G r e a t L a k e s b a s i n .
F o r t h e L a k e E r i e a n d L a k e O n t a r i o b a s i n s , t h e s t a t e s t o t h e s o u t h
a n d s o u t h w e s t a r e l i k e l y t o b e t h e f o c u s o f a n y L R T A P i n t e r e s t . /
H o w e v e r , e v e n t h o u g h a n u m b e r o f s y n f u e l s p l a n t s a r e e x p e c t e d i n t h i s
a r e a , e m i s s i o n s f r o m c o n v e n t i o n a l c o a l c o m b u s t i o n i n O h i o , w .
V i r g i n i a , K e n t u c k y , a n d I l l i n o i s w i l l d o m i n a t e a n y e f f e c t f r o m
s y n f u e l s p l a n t e m i s s i o n s i n t h e s e s a m e s t a t e s .
T h e f o l l o w i n g p r i o r i t i e s a r e s u g g e s t e d f o r a n y f u t u r e d e t a i l e d a n a l y s i s :
S i n c e t h e e l e c t r i c u t i l i t i e s i n t h e s t a t e s a r o u n d t h e G r e a t L a k e s a r e
m a j o r s o u r c e s o f t r a c e m e t a l s e m i s s i o n s o f c o n c e r n t o t h e G r e a t L a k e s
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b a s i n , a d e t a i l e d i n v e n t o r y s h o u l d b e m a d e o f t h e f a t e o f t r a c e
m e t a l s
i n
c o a l
f o r
a l l
m a j o r
e l e c t r i c
u t i l i t i e s
a n d
l a r g e
i n d u s t r i a l
s o u r c e s
i n t h e
G r e a t
L a k e s
s t a t e s .
T h e
n e c e s s a r y
d a t a
f i l e s
f o r
b o t h
u t i l i t i e s
a n d
m a j o r
i n d u s t r i a l
b o i l e r s
a r e
r e a d i l y
a v a i l a b l e ,
a n d
t h e r e
i s
s u f f i c i e n t
d a t a
o n
t r a c e
m e t a l s
i n
c o a l ,
a n d
t h e i r
f a t e
i n
c o n v e n t i o n a l
c o m b u s t i o n
a s
a f u n c t i o n
o f
b o i l e r
t y p e
a n d
p o l l u t i o n
c o n t r o l
e q u i p m e n t ,
f o r
s u c h
a n
i n v e n t o r y
t o
b e
a t t e m p t e d .
T h e
o r d e r
o f
m a g n i t u d e
o f
a i r ,
w a t e r ,
a n d
s o l i d
w a s t e
p a t h w a y s
s h o u l d
b e
e s t a b l i s h e d .
H o w e v e r ,
i t i s
r e c o g n i z e d
t h a t
t h e
t r a c e
m e t a l
c o n t e n t
o f
c o a l s
i s
s u b j e c t
t o
w i d e
v a r i a t i o n ,
a n d
a n
a p p r o p r i a t e
p r o b a b i l i s t i c
a n a l y s i s
m u s t
b e d e v e l o p e d
t o t a k e
s u c h
v a r i a t i o n s
i n t o
a c c o u n t .
2 .
A p p
l i c
a t i
o n
o f
t h e
m a t
r i x
t e c
h n i
q u e
d e s
c r i
b e d
i n
t h e
s t u
d y
s h o
u l d
p r o
v i d
e
t h e
n e c
e s s
a r y
d e g
r e e
o f
d e t
a i l
c o n
c e r
n i n
g
t h e
i m p
o r t
a n c
e
o f
L R T
A P t o t h e t r a
c e m e t
a l b a l
a n c
e
f o r t h e G r e
a t L a k
e s b a s
i n . T h e
m a t
r i x
t e c
h n i
q u e
s h o
u l d
a l s
o
b e
e x t
e n d
e d
t o
a l l
o w
e s t
i m a
t e s
o f
w e t
a n d
d r y
d e p
o s i
t i o
n .
F o r
t h e
p r e
s e n
t ,
t h e
p a r
t i c
u l a
t e
a n d
$ 0 2
m a t
r i c
e s
s h o
u l d
s u f
f i c
e
f o r
a f
i r s
t
o r d
e r
e s t
i m a
t e
o f
t h e
L R T
o f
t r a
c e m e t
a l s
.
C O A L
O f
a l l
t h e
e n e
r g y
f o r
m s ,
c o a l
h a s
t h e
p o t
e n t
i a l
f o r
c a u
s i n
g t
h e
m o s
t
e n v
i r o
n m e
n t a
l
d a m
a g e
f r o
m
r o u
t i n
e
p o l
l u t
a n t
e m i
s s i
o n s
.
F r o
m
t h e
s t a
n d p
o i n
t
o f
t h e
G r e
a t
L a k
e s
b a s
i n
e c o
s y s
t e m
,
t h e
r e f
o r e
,
t h e
p r O
S p e
c t s
f o r
i n c
r e a
s e d
c o a l
u t i
l i z
a t i
o n ,
t h e
p o l
i c y
i s s
u e s
t h a
t
s u r
r o u
n d
t h e
d e v
e l o
p m e
n t
o f
n e w
c o a l
t e c
h n o
l o g
i e s
,
a n d
t h e
l i k
e l y
l e v e
l
o f
e n v
i r o
n m e
n t a
l
c o n
t r o
l ,
d e s
e r v
e
v e r
y
c a r
e f u
l
s c r
u t i
n y .
I n d e
e d ,
g i v
e n
t h e
c u r
r e n
t
d e b
a t e
i n
t h e
U n i
t e d
S t a
t e s
o v e
r
a m e
n d m
e n t
s
t o
t h e
C l e
a n
A i r
A c t
,
a n d
o v e
r t
h e
e n f
o r c
e m e
n t
o f
e v e
n e
x i s
t i n
g
e n v
i r o
n m e
n t a
l
s t a
t u t
e s ,
t h e
i s s
u e s
t h a
t
r e l
a t e
t o
c o a l
m e r
i t
c l o
s e
e x a
m i n
a t i
o n .
T h e
t e c
h n o
l o g
i c a
l ,
s o c
i a l
, a
n d
e c o
n o m
i c
i s s
u e s
t h a
t s
u r r
o u n
d c
o a l
u s e
a r e
e x t
r e m
e l y
c o m
p l e
x ,
a n d
g i v
e n
t h e
a v a
i l a
b l e
r e s
o u r
c e s
a n d
t i m
e ,
t h e
o b j
e c t
i v e
s
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T h
e
m a
j o
r
p u
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o s
e
i s
t o
i d
e n
t i
f y
t h o
s e
a s p
e c t
s
o f
t h e
c o a
l
f u e
l
c y c
l e
t h a
t
a r e
i m p
o r t
a n t
t o
t h e
G r e
a t
L a k
e s
b a s
i n
e c o
s y s
t e m
a n d
t h o
s e
t h a
t
a r e
n o t
;
t o
p r o
v i d
e
a t
l e a
s t
a
f i r
s t
o r d
e r
j u s
t i f
i c a
t i o
n
f o r
s u c
h
a
c l a
s s i
f i c
a t i
o n ;
t o
i d e
n t i
f y ,
f o r
t h o
s e
i s s
u e s
d e e
m e d
i m p
o r t
a n t
,
t h e
l i k
e l y
p o l
i c y
o p t
i o n
s
a n d
t h e
c o n
s e q
u e n
c e s
t h a
t
m a y
s t e
m
t h e
r e f
r o m
.
T h i
s
s e c
t i o
n
m a y
w e l
l
r a i
s e
a s
m a n
y
q u e
s t i
o n s
a s
a r e
a n s
w e r
e d ,
a n d
t h e
r e
a r e
a
n u m
b e r
o f
i s s
u e s
t h a
t
h a v
e
b e e
n
t o u
c h e
d
u p o
n
o n l
y
v e r
y
s u p
e r f
i c i
a l l
y
b e c
a u s
e
o f
d a t
a
l i m
i t a
t i o
n s .
H o w
e v e
r ,
s i n
c e
t h e
g o a
l
i s
l i m
i t e
d
t o
d e v
e l o
p i n
g
t h e
n e c
e s s
a r y
f o c
u s
f o r
f u r
t h e
r
a n a
l y s
i s
o f
e n e
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t h e
d a t a
o f T
a b l e
2 5 m
i g h t
s u g g
e s t .
M o r e
o v e r
, h
e a v y
a n d
t r a c
e m e
t a l
c o n c e n t r a t i o n s o f r e s i d u a l a n d d i s t i l l a t e o i l a s h a r e i n s o m e c a s e s e v e n
o r d e r s
o f
m a g n i t u d e
h i g h e r
t h a n
i n
c o a l
a s h .
V a n a d i u m ,
f o r
e x a m p l e ,
i s
i n
s u c h h i g h c o n c e n t r a t i o n i n c e r t a i n r e s i d u a l f u e l o i l s t h a t s o m e u t i l i t i e s
c o l l e c t s u c h a s h a s a r a w m a t e r i a l f o r v a n a d i u m e x t r a c t i o n .
A s e c o n d d i m e n s i o n t o t h e o v e r a l l p e r s p e c t i v e e m e r g e s f r o m t h e s t u d y d o n e
f o r
t h e
I J C ,
b y A c r e s
C o n s u l t i n g
S e r v i c e s ,
L t d .
( 1 9 7 5 ) ,
w h i c h
c o m p i l e d
a g g r e g a t e d e m i s s i o n s e s t i m a t e s a s s h o w n o n F i g u r e 1 0 . A g g r e g a t i o n t o t h e
U n i t e d
S t a t e s
a n d
C a n a d a
y i e l d s
t h e
r e s u l t
i n T a b l e
2 6
( A c r e s ,
1 9 7 5 ) .
T h e
S u d b u r y s m e l t e r i s t h e l a r g e s t s i n g l e s o u r c e o f $ 0 2 i n t h e r e g i o n ; e v e n s o ,
U n i t e d
S t a t e s
s o u r c e s
d o m i n a t e
a s
a w h o l e .
T h e
1 9 7 5
a n d
1 9 7 7
I J C
s t u d i e s
o f
a t m o s p h e r i c l o a d i n g s t o t h e G r e a t L a k e s b a s i n ( A c r e s , 1 9 7 5 , 1 9 7 7 ) s h o w t h a t
l o a d i n g s , o n c e a l l t h e c o m p l e x i t i e s o f a t m o s p h e r i c t r a n s f o r m a t i o n a n d
t r a n s p o r t r a t e a r e t a k e n i n t o a c c o u n t , m i r r o r t h e s e e m i s s i o n s q u i t e w e l l , a s
i n d i c a t e d i n T a b l e 2 7 ; i f a n y t h i n g , t h e g r o s s e m i s s i o n s c o m p a r i s o n f o r
p a r t i c u l a t e s u n d e r s t a t e s t h e U n i t e d S t a t e s t r a c e m e t a l s c o n t r i b u t i o n f o r a l l
o f t h e l a k e s e x c e p t f o r S u p e r i o r , a n d t h e e m i s s i o n s s p l i t f o r S O 2
u n d e r s t a t e s
t h e
U n i t e d
S t a t e s
s u l f a t e
c o n t r i b u t i o n s
f o r
L a k e s
M i c h i g a n
a n d
E r i e , a n d o v e r s t a t e s c o n t r i b u t i o n s t o L a k e s S u p e r i o r a n d H u r o n .
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l i e o u t
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e
t h e d r a
i n a
g e
a r e
a ( s u
c h a s t h e
I l l
i n o
i s
a n d P e n
n s y
l v a
n i a
f i e
l d s
) ,
a s d o t h e s t i
l l u n e
x p l
o i t
e d
l i g
n i t
e
d e p
o s i
t s
o f n o r
t h e
r n
O n t
a r i
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T h e p r o
b l e
m s
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a t e
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i n g - -
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d m i n
e d r a
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g e ,
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.
T h e i m p o r t a n c e o f r e s i d u a l s a s s o c i a t e d w i t h c o a l t r a n s p o r t a t i o n i n t h e
G r e a t L a k e s i s s o m e w h a t s p e c u l a t i v e : c o a l p i l e r u n o f f a t s h i p p i n g p o i n t s i s
p r o b a b l y t h e m o s t s i g n i f i c a n t p o t e n t i a l s o u r c e , a l t h o u g h t h e r e a p p e a r s t o b e
l i t t l e e v i d e n c e t o q u a n t i f y t h e a c t u a l i m p o r t a n c e . P r e l i m i n a r y i n d i c a t i o n s
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C o a l c o m b u s t i o n , r e m a i n s a s t h e m a i n f o c u s o f i n t e r e s t f o r t h e b a s i n .
P o l l u t a n t s i n t h e c o a l h a v e t h r e e p o s s i b l e f a t e s : ( 1 ) a s a s t a c k e m i s s i o n , o f
k n o w n a n d q u a n t i f i a b l e s i g n i f i c a n c e ; ( 2 ) a s c a p t u r e d p a r t i c l e s i n t h e a s h o r
f l u e g a s d e s u l f u r i z a t i o n s l u d g e d i s p o s a l f a c i l i t y , f o r w h i c h q u a n t i f i c a t i o n o f
l e a c h a t e p a t h w a y s i n t o t h e g r o u n d w a t e r a n d u l t i m a t e l y i n t o t h e G r e a t L a k e s
t h e m s e l v e s i s a l m o s t i m p o s s i b l e t o a s s e s s o n a r e g i o n a l s c a l e ; a n d ( 3 ) a s a
d i s c h a r g e i n t o a r e c e i v i n g w a t e r f r o m w e t a s h h a n d l i n g s y s t e m s a n d t h e l i k e ,
d i f f i c u l t t o q u a n t i f y i n t e r m s o f m a t e r i a l b a l a n c e s , b u t l i m i t e d b y
r e g u l a t i o n s f o r t h e p l a n t a s a w h o l e .
C o a l U t i l i z a t i o n i n t h e G r e a t L a k e s R e g i o n
 
 
w
-
w
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»
T h e m a j o r h i s t o r i c a l f e a t u r e s o f c o a l u t i l i z a t i o n i n t h e G r e a t L a k e s
r e g i o n a r e s u n m a r i z e d i n T a b l e 2 8 . T h r e e i m p o r t a n t c o n c l u s i o n s c a n b e d r a w n .
F i r s t , i n d u s t r i a l c o a l c o n s u m p t i o n , i n b o t h t h e U n i t e d S t a t e s a n d C a n a d a , h a s
f a l l e n d r a m a t i c a l l y s i n c e 1 9 6 5 . B a s e d o n a n u m b e r o f r e c e n t s t u d i e s
c o m m i s s i o n e d b y t h e U . S . D e p a r t m e n t o f E n e r g y , a n d s u r v e y s o f i n d u s t r i a l
b o i l e r o r d e r s r e p o r t e d i n t h e t r a d e l i t e r a t u r e , t h e r e i s l i t t l e e v i d e n c e o f a
t u r n a r o u n d i n t h i s t r e n d , d e s p i t e c o n t i n u o u s l y o p t i m i s t i c p r o j e c t i o n s b y t h e
U . S . D O E . S e c o n d , o v e r t h e s a m e t i m e p e r i o d , a n d i n b o t h c o u n t r i e s , e l e c t r i c
u t i l i t y c o n s u m p t i o n h a s g r o w n f a s t e r t h a n t h e d e c l i n e i n i n d u s t r i a l u s e . A n d
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T a b l e 3 0 . I n d e e d , s o m e o f t h e G r e a t L a k e s b a s i n s t a t e s h a v e h i s t o r i c a l l y h a d
a m o n g t h e w o r s t c o m p l i a n c e r e c o r d s i n t h e c o u n t r y .
A d e t e r m i n a t i o n o f t r a c e m e t a l e m i s s i o n s i s n o t a c c o m p l i s h e d s o e a s i l y .
W h i l e t o t a l p a r t i c u l a t e e m i s s i o n s s e r v e p e r h a p s a s a f i r s t o r d e r i n d i c a t o r , a
n u m b e r o f s t u d i e s p o i n t t o t r a c e e l e m e n t e n r i c h m e n t p h e n o m e n a i n t h e s t a c k g a s
p r e c i p i t a t o r s . A r e c e n t s t u d y b y C r o w t h e r 2 3 . 2 1 ; : ( 1 9 8 0 ) t h a t r e v i e w e d a
l a r g e n u m b e r o f i n d i v i d u a l s t u d i e s , d e r i v e d t h e t r a c e e l e m e n t p a s s - t h r o u g h
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t h e G r e a t L a k e s s y s t e m a s a n t i c i p a t e d b y a r e c e n t C o n g r e s s i o n a l s t u d y f o r
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t r a n s h i p m e n t . I n a d d i t i o n , s h i p m e n t s o f l o w s u l f u r w e s t e r n c o a l , s h i p p e d
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l i k e l y u t i l i t y d e s t i n a t i o n s f o r s u c h c o a l .
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E l e c t r i c U t i l i t y E m i s s i o n s
T h e _ s h a r p d i f f e r e n c e s i n b o t h p a r t i c u l a t e a n d $ 0 2 e m i s s i o n s f r o m
e x i s t i n g a n d n e w p l a n t s , a s a r e s u l t o f t h e c o n t r o l p h i l o s o p h y a d o p t e d i n t h e
U n i t e d S t a t e s t h a t i m p o s e s v e r y t i g h t c o n t r o l s o n n e w s o u r c e s t h r o u g h t h e N S P S
m e c h a n i s m , h a v e a l r e a d y b e e n n o t e d . W h e n t h e s e r e g u l a t i o n s a r e t r a n s l a t e d
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T o t a T
N e w
N S P S
0 1 d
P T a n t s
P a r t i c u i a t e s
1 0 3
t o n n e s
4 5
3 . 2 4
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4 2 . 1 9
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t o n n e s
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 t h e e l e c t r i c u t i l i t y p l a n t s i n M i c h i g a n f o r a y e a r 2 0 0 0 u t i l i t y s c e n a r i o t a k e n
f r o m a r e c e n t D O E a s s e s s m e n t ( U . S . D e p a r t m e n t o f E n e r g y , P r o g r a m m a t i c , 1 9 8 0 ) ,
i t i s n o t e d t h a t e v e n t h o u g h t h e n e w c a p a c i t y a c c o u n t s f o r s o m e 3 1 % o f t h e
t o t a l , t h e s e p l a n t s c o n t r i b u t e o n l y 1 2 % o f $ 0 2 , a n d b e t w e e n 2 a n d 3 1 % o f
t r a c e m e t a l s , l a r g e l y a s a r e s u l t o f t h e m u c h t i g h t e r p a r t i c u l a t e c o n t r o l s o n
n e w p l a n t s .
T h e a b o v e c o m p a r i s o n s w e r e m a d e o n s o m e t e n u o u s a s s u m p t i o n s . A s n o t e d
p r e v i o u s l y , t r a c e m e t a l c o n t e n t o f c o a l c a n v a r y b y t w o o r d e r s o f m a g n i t u d e
w i t h i n a n y g i v e n c o a l p r o v i n c e , f r o m w h i c h i t f o l l o w s t h a t t h e a b s o l u t e
e m i s s i o n q u a n t i t i e s i n d i c a t e d i n T a b l e s 3 6 a n d 3 7 a r e s u b j e c t t o c o n s i d e r a b l e
v a r i a t i o n . N e v e r t h e l e s s , e x c e p t i n t h e u n l i k e l y e v e n t t h a t t r a c e m e t a l
c o n t e n t o f c o a l s v a r i e s i n s u c h a w a y t h a t e x i s t i n g p l a n t s s y s t e m a t i c a l l y
r e c e i v e c o a l o f t r a c e m e t a l c o n t e n t a n o r d e r o f m a g n i t u d e l o w e r t h a n n e w
p l a n t s , t h e b a s i c c o n c l u s i o n h e r e r e m a i n s s o u n d . A l l o t h e r t h i n g s e q u a l ,
p r i o r i t y s h o u l d b e g i v e n t o f u r t h e r i m p r o v e m e n t i n c o n t r o l s a t e x i s t i n g
f a c i l i t i e s , e v e n i f t h e p o l i t i c a l p r i c e t o b e p a i d m i g h t b e s o m e r e l a x a t i o n o f
N e w S o u r c e P e r f o r m a n c e S t a n d a r d s .
I n a n y e v e n t , a s w a s s h o w n i n T a b l e 2 4 , c o a l c o m b u s t i o n b y e l e c t r i c
u t i l i t i e s a s w e l l a s i n i n d u s t r i a l b o i l e r s p r o d u c e s o n l y p a r t o f t h e t o t a l
p a r t i c u l a t e ( a n d h e n c e t r a c e m e t a l ) e m i s s i o n s a s s o c i a t e d w i t h e n e r g y
u t i l i z a t i o n . T a b l e 3 8 s h o w s e s t i m a t e s o f t r a c e m e t a l c o m p o s i t i o n o f t h e
p a r t i c u l a t e e m i s s i o n s f r o m a v a r i e t y o f f u e l s ( A c r e s , 1 9 7 5 ) . N o t e t h e o r d e r s
o f m a g n i t u d e d i f f e r e n c e a m o n g t h e d i f f e r e n t f u e l s . O f c o u r s e , t h e q u a n t i t y o f
a s h p e r t o n n e ( o r J o u l e ) i s m u c h h i g h e r f o r c o a l t h a n f o r t h e l i q u i d f u e l s ;
a n d e l e c t r i c u t i l i t y ( w h i c h i n o u r r e g i o n m e a n s c o a l p l a n t ) e m i s s i o n s a r e
r e l e a s e d a t m u c h h i g h e r e l e v a t i o n s , w h i c h m e a n s t h e r e i s a g r e a t e r p o t e n t i a l
f o r t r a n s p o r t i n t o t h e G r e a t L a k e s . N e v e r t h e l e s s , w h e n 1 9 7 5 e l e c t r i c u t i l i t y
e m i s s i o n s i n t h e G r e a t L a k e s r e g i o n a r e c o m p a r e d w i t h t h e A c r e s d e p o s i t i o n
e s t i m a t e s T a b l e 3 9 , i t i s c l e a r t h a t c o a l p l a n t s r e p r e s e n t a r e l a t i v e l y m i n o r
p a r t o f t h e t o t a l p r o b l e m , s i n c e o n l y a f r a c t i o n o f t h e e m i s s i o n s ( t y p i c a l l y
a b o u t 5 % ) a c t u a l l y c o n t r i b u t e s t o d e p o s i t i o n o v e r t h e l a k e s .
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( P e r c e n t a g e )
F u e ] C d P b N i 5 2 L .
C o a I . 0 0 0 5 . 0 2 . 0 3 . 0 2
R e s i d u a ] 0 i ] . 2 . 1 2 7 . . 1 3
D i s t i T I a t e 0 i ] . 4 . 0 0 5 . 1 5 . 3 3
G a s o I i n e . 4 2 5 . . 1 5 . 3 3
N a t u r a T G a s 0 0 O 0
I n c i n e r a t i o n . 5 5 5 . 5 . 0 6 . 5
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e x i t w i t h t h e p a r t i c u l a t e s i n t h e s t a c k d i s c h a r g e . I t h a s b e e n e s t i m a t e d t h a t
a b o u t 2 x 1 0 9 B q ( 0 . 0 5 c u r i e s ) p e r y e a r o f R a - T h w o u l d b e e m i t t e d f r o m a
1 0 0 0 M W e p l a n t b u r n i n g 9 % a s h c o n t e n t c o a l w i t h a 9 7 . 5 % a i r c l e a n i n g
e f f i c i e n c y . T h e r a d i a t i o n d o s e t o a n i n d i v i d u a l f r o m t h i s d i s c h a r g e w o u l d b e
a p p r o x i m a t e l y o n e q u a r t e r o f t h a t f r o m t h e r a d i o a c t i v e n o b l e g a s e s d i s c h a r g e d
f r o m t h e P i c k e r i n g 2 2 0 0 M W e s t a t i o n ( M a r t i n e t a l . , 1 9 7 0 ) .
P r e l i m i n a r y A s s e s s m e n t o f A i r b o r n e T r a c e M e t a l s D e p o s i t i o n t o t h e G r e a t L a k e s
F o r t h e p u r p o s e o f m a k i n g s o m e p r e l i m i n a r y e s t i m a t e s o f t h e e x t e n t o f t h e
c o n t r i b u t i o n o f c o a l b u r n i n g p o w e r p l a n t s t o t h e o v e r a l l p r o b l e m , t h e m e t h o d s
o f M e i e r ( 1 9 8 1 ) a n d C r o w t h e r 2 3 . 2 1 - ( 1 9 8 0 ) w e r e u s e d t o e s t i m a t e e m i s s i o n
r a t e s o f f l y - a s h t r a c e m e t a l c o n s t i t u e n t s , a s s u m i n g c o m p l i a n c e w i t h a p p l i c a b l e
s t a t e e m i s s i o n r e g u l a t i o n s . S e v e n A i r Q u a l i t y C o n t r o l R e g i o n s ( A Q C R ) ,
c o r r e s p o n d i n g t o t h e m a j o r u r b a n a r e a s i n t h e G r e a t L a k e s w a t e r s h e d , w e r e
s e l e c t e d a s s o u r c e s ; e s t i m a t e s o f d r y d e p o s i t o n t o t h e l a k e s w e r e m a d e f o r
e m i s s i o n s f r o m p o w e r p l a n t s i n t h e s e A Q C R s .
E m i s s i o n t r a j e c t o r i e s a n d d r y d e p o s i t i o n r a t e s w e r e t a k e n f r o m t h e l o n g
r a n g e t r a n s p o r t a n a l y s i s o f B a t t e l l e ' s P a c i f i c N o r t h w e s t L a b o r a t o r i e s ( E a d i e
a n d D a v i s , 1 9 7 9 ) . T h e s e t r a j e c t o r i e s h a v e b e e n l i n e a r i z e d i n t o m a t r i x f o r m a t ,
w h i c h a l l o w s a i r c o n c e n t r a t i o n s i n a n y A Q C R t o b e e s t i m a t e d , b a s e d o n a l i n e a r
f u n c t i o n o f e m i s s i o n s i n a n y o t h e r A Q C R . T h i s f o r m a t r e q u i r e d " s u r r o g a t e
A Q C R s " t o b e i d e n t i f i e d t o s e r v e a s a p p r o p r i a t e r e c e p t o r a r e a s f o r e a c h o f t h e
l a k e s . F o r L a k e s M i c h i g a n , E r i e , a n d O n t a r i o , r e a s o n a b l e c h o i c e s a r e
p o s s i b l e , b u t f o r L a k e s H u r o n a n d S u p e r i o r , v e r y l i t t l e i n f o r m a t i o n i s
a v a i l a b l e s i n c e t h e p r e s e n t a n a l y s i s d o e s n o t i n c l u d e e i t h e r C a n a d i a n s o u r c e s
o r r e c e p t o r s .
A d d i t i o n a l a s s u m p t i o n s r e q u i r e d b y t h i s a p p r o a c h i n c l u d e :
1 . D r y d e p o s i t i o n o v e r t h e l a k e p g r _ § g i s t h e s a m e a s o v e r l a n d , g i v e n
b y a d e p o s i t i o n v e l o c i t y o f 0 . 2 3 c m / s e c .
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 2 . A l l t h e e m i s s i o n s o f i n t e r e s t a r e s m a l l p a r t i c u l a t e s w h i c h b e h a v e
e s s e n t i a l l y a s g a s e s w i t h o u t g r a v i t a t i o n a l s e t t l i n g .
3 . A n n u a l a v e r a g e r e s u l t s m a y b e a p p r o x i m a t e d b y t h e l i n e a r a v e r a g e o f
c a l c u l a t i o n s f o r t h e m o n t h s o f J a n u a r y , A p r i l , J u l y , a n d O c t o b e r .
4 . A i r c o n c e n t r a t i o n s a r e w e l l m i x e d a n d e s s e n t i a l l y u n i f o r m v e r t i c a l l y .
T h e e m i s s i o n v e c t o r s f o r t h i s s a m p l e c a l c u l a t i o n a r e g i v e n i n T a b l e 4 0 ,
t o t a l l i n g 9 8 . 8 x 1 0 3 t o n n e s / y r o f f l y - a s h . T h e l a r g e s t o f t h e f i v e m e t a l s
s e l e c t e d ( a r s e n i c , c a d m i u m , m e r c u r y , l e a d , a n d z i n c ) i s l e a d ( 1 4 4 t o n n e s / y r ) .
S i n c e t h e a n a l y s i s d o e s n o t d i s t i n g u i s h o n e e l e m e n t f r o m a n o t h e r i n t e r m s o f
d e p o s i t i o n
v e l o c i t y ,
i t i s
c o n v e n i e n t
t o d e r i v e
e x p r e s s i o n s
f o r
t h e
f r a c t i o n
o f e m i s s i o n s f r o m e a c h s o u r c e r e g i o n d e p o s i t e d ( d r y ) i n e a c h l a k e . T h i s i s
s i m p l y
t h e
p r o d u c t
o f t h e
t r a n s p o r t
m a t r i x
c o e f f i c i e n t
( H Q / m 3
p e r
1 0 3
t o n n e s / y r
e m i t t e d )
t i m e s
t h e
d e p o s i t i o n
v e l o c i t y
( c m / s e c )
t i m e s
t h e
a r e a
o f
t h e l a k e a l l i n a p p r o p r i a t e u n i t s . T h e s e v a l u e s a r e g i v e n i n T a b l e 4 1 .
S e v e r a l i n t e r e s t i n g p o i n t s e m e r g e f r o m T a b l e 4 1 . A s e x p e c t e d , t h e A Q C R s
a d j a c e n t
t o a
g i v e n
l a k e
h a v e
t h e
l a r g e s t
i m p a c t
o n t h a t
l a k e ,
a n d
t r a n s p o r t
i s g r e a t e r
e a s t w a r d
t h a n
w e s t w a r d .
S o u r c e s
i n M i l w a u k e e
a n d
C h i c a g o
h a v e
t h e
l a r g e s t t o t a l i m p a c t c o n s i d e r i n g a l l f i v e l a k e s , b u t e v e n t h e s e v a l u e s a r e
q u i t e
s m a l l .
I t i s
c l e a r
t h a t
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b u l k
o f t h e
e m i s s i o n s
h a v e
f a t e s
o t h e r
t h a n
d i r e c t d r y d e p o s i t i o n o n t o t h e l a k e s .
A t l e a s t t w o o f t h e s e o t h e r p a t h w a y s a r e o f c o n c e r n h e r e . T h e f i r s t i s
d r y d e p o s i t i o n o n l a n d i n t h e w a t e r s h e d o f t h e l a k e s . S o m e f r a c t i o n o f t h i s
m a t e r i a l m a y u l t i m a t e l y f i n d i t s w a y i n t o t h e l a k e s t r a n s p o r t e d b y r u n o f f .
T h e r e i s c u r r e n t l y n o b a s i s f o r e s t i m a t i n g t h i s f r a c t i o n . F a l l o u t o f l a r g e
p a r t i c l e s n e a r t h e s o u r c e m a y b e i m p o r t a n t i n t h i s r e g a r d .
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( 1 9 7
9 )
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T A B L E 4 0
P O W E R P L A N T T R A C E E L E M E N T E M I S S I O N S B Y A Q C R
( t o n n e s p e r y e a r )
A Q C R A s h 8 2 9 m i t ; z _ n
( 1 0 3 t / y r ) t o n n e s
C h i c a g o
( 6 7 ) 2 7 . 7 1 1 . 8 0 . 2 3 0 . 9 5 5 1 3 3
N . I n d i a n a
( 8 2 ) 6 . 6 2 . 1 0 . 0 4 0 . 1 5 9 . 1 6 . 1
D e t r o i t
( 1 2 3 ) 1 5 . 1 7 . 7 0 . 1 5 0 . 6 4 3 3 1 8 . 7
B u f f a n
( 1 6 2 ) 4 . 3 1 . 8 0 . 1 0 0 . 2 3 4 . 8 0 . 1 1
C T e v e T a n d
( 1 7 4 ) 7 . 3 3 . 9 0 . 2 1 0 . 9 1 1 . 3 1 . 4
M i n n e a p o l i s
( 1 3 1 ) 1 4 . 2 1 . 2 0 . 2 4 0 . 2 5 6 . 9 5 . 8
M i n a u k e e
( 2 3 9 ) 2 3 . 6 6 . 5 0 . 1 3 0 . 3 4 2 8 . 0 3 2 . 7
T A B L E 4 1
F R A C T I O N 0 F E M I S S I O N S D E P O S I T E D O N T H E G R E A T L A K E S
( p e r c e n t a g e )
L a k e s A s h D e p o s i t e d
S o u r c e ‘ 0 n t a r i o E r i e M i c h i g a n S u p e r i o r H u r o n T o t a ] ( 1 0 3 t o n n e s )
C h i c a g o 0 . 4 8 0 . 3 7 3 . 2 0 . 3 0 . 9 5 5 . 3 % 1 . 2 4
N . I n d i a n a 0 . 1 5 0 . 8 3 4 . 6 0 . 2 4 0 . 9 5 6 . 8 % 0 . 0 8
D e t r o i t 0 . 3 4 1 . 1 0 . 1 2 0 . 1 3 0 . 9 5 2 . 6 % 0 . 3 6
B u f f a i o 1 . 9 0 . 8 3 0 . 0 0 1 0 . 0 0 2 0 . 0 0 4 2 . 7 % 0 . 0 2
C I e v e T a n d 0 . 4 4 1 . 8 5 0 . 0 0 3 0 . 0 2 0 . 0 2 9 2 . 3 % 0 . 1 5
M i n n e a p o I i s 0 . 0 6 0 . 0 7 2 0 . 4 6 2 . 6 0 . 3 8 3 . 6 % 0 . 4 7
M i 1 w a u k e e 0 . 1 5 0 . 2 4 5 . 5 0 . 7 9 1 . 4 3 8 . 1 % 1 . 7 4
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T A B L E 4 2
A N N U A L D R Y D E P O S I T I O N O N T H E G R E A T L A K E S F R O M C O A L F I R E D P O W E R P L A N T S
( t o n n e s p e r y e a r )
 
  
 
 
 
 
 
 
 
 
A Q C R A s C d H g P b Z n F L Y A S H
6 7 0 . 5 3 0 . 0 1 0 . 0 4 2 . 3 1 . 4 1 , 2 4 3
8 2 0 . 0 2 5 0 . 0 0 0 5 0 . 0 0 2 0 . 1 1 0 . 0 7 8 2
1 2 8 0 . 1 8 0 . 0 0 4 0 . 0 1 4 0 . 7 8 0 . 4 4 3 6 3
1 6 2 0 . 0 1 0 . 0 0 4 0 . 0 0 1 1 0 . 0 2 4 0 . 0 0 5 1 8
1 7 4 0 . 0 8 0 . 0 0 4 0 . 0 1 9 0 . 2 4 0 . 0 2 8 1 5 4
1 2 7 0 . 0 4 0 . 0 0 8 0 . 0 0 9 0 . 2 3 0 . 1 9 4 7 2
2 3 9 0 . 0 4 8 0 . 0 0 9 0 . 0 3 4 2 . 0 8 2 . 4 2 1 , 7 4 2
T o t a l 0 . 9 1 0 . 0 4 0 . 1 2 5 8 4 . 6 4 , 0 7 4
T A B L E 4 3
P E R C E N T A G E O F H E A V Y M E T A L L O A D I N G S A T T R I B U T A B L E T 0
C O A L - F I R E D P O W E R S T A T I O N S
( p e r c e n t a g e )
L a k e Z n P b C d
S u p e r i o r 0 . 0 1 0 . 0 5 0 . 0 1 2
M i c h i g a n 0 . 0 5 0 . 2 1 0 . 0 3
H u r o n 0 . 0 3 0 . 2 2 0 . 0 1
E r i e 0 . 0 2 0 . 1 2 0 . 0 1
O n t a r i o 0 . 0 2 0 . 1 0 0 . 0 1
 
  
m a t e r i a l b e i n g c a p t u r e d . T h u s , d e g r a d a t i o n o f c o n t r o l e q u i p m e n t o r f a i l u r e s ,
b o i l e r u p s e t s , e t c . , c o u l d r e s u l t i n l a r g e i n c r e a s e s t o t h e s e e s t i m a t e s , e v e n
w h e n a v e r a g e d o v e r a y e a r .
F i n a l l y , c o n s i d e r t h e d i r e c t w a t e r p a t h w a y . T h e i n t r o d u c t i o n o f t r a c e
e l e m e n t s i n t o t h e l a k e s f r o m e f f l u e n t d i s c h a r g e s a t c o a l - f i r e d e l e c t r i c
u t i l i t y p l a n t s p r o v e s a g a i n t o b e e x t r e m e l y s m a l l . T a b l e 4 5 s h o w s t h e r e s u l t s
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T A B L E 4 4
C O M P A R I S O N S 0 F N E T L O A D E M I S S I O N S a
( 1 0 0 0 t o n n e s )
 
 
 
 
  
 
 
S E A S
2 0 0 0 O t h e r R e f e r e n c e s
H i g h L o w E P A : E P A : N A S :
S o u r c e 1 9 7 5 G r o w t h G r o w t h 1 9 7 5 D a t a a 1 9 7 3 D a t a b 1 9 6 8 D a t a c
C o p p e r S m e l t i n g . 0 0 3 . 0 0 4 . 0 0 4 . 5 4 . 8 2
L e a d S m e l t i n g 1 . 5 3 . 5 8 4 . 4 0 1 . 0 4 2 . 4 9 0 . 9
E l e c t r i c U t i l i t i e s . 6 4 . 6 8 . 7 2
H i g h w a y E m i s s i o n s 1 9 8 . 7 0 0 1 2 8 . 8 d 1 6 4 . 2
I n d u s t r i a l C o m b u s t i o n . 2 3 . 0 9 . 1 8
W a s t e O i l C o m b u s t i o n 9 . 4
S o l i d W a s t e I n c i n . 1 . 5 0 . 2 7
G r a y I r o n P r o d u c t i o n 1 . 0 0 1 . 2 7
I r o n a n d S t e e l . 7 7 . 1 4
L e a d A l k y l M a n u f a c t u r e . 9 1 . 7 2 . 7 2
P e t r o l e u m R e f i n i n g 1 . 1 3
Z i n c S m e l t i n g . 2 3
O r e C r u s h i n g . 4 5 . 3 2
O t h e r M e t a l l u r g i c a l . 2 3 . 4 5
T y p e M e t a l . 4 1
P o r t l a n d C e m e n t . 2 7
P i g m e n t s . 0 9
O t h e r . 3 2 1 . 0 0 0 . 9
T o t a l 2 0 1 . 1 4 . 3 5 5 . 3 0 1 4 5 . 7 3 8 . 4 d 1 6 7 . 2
a U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , E n v i r o n m e n t a l O u t l o o k , 1 9 8 0
b U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , 1 9 7 8
g G o l d b e r g , 1 9 7 3
N a t i o n a l A c a d e m y o f S c i e n c e s , 1 9 7 2
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P O L L U T A N T L O A D I N G S T O T H E G R E A T L A K E S
F O R A H I G H C O A L U S E , 2 0 2 0 S C E N A R I O
( k i l o g r a m s p e r y e a r )
 
 
 
 
T o t a l
L a k e L a k e L a k e L a k e ( t o n n e s )
P o l l u t a n t S u p e r i o r M i c h i g a n H u r o n E r i e ( 4 L a k e s )
C a d m i u m 1 6 . 6 5 0 5 0 5 0 0 . 1 7 I
C o p p e r 4 1 4 1 3 8 3 1 5 5 6 1 3 8 3 4 . 7
Z i n c 5 3 0 1 7 5 5 1 9 5 4 1 7 5 5 6 . 0
L e a d 1 6 . 6 5 0 5 0 5 0 0 . 1 7
A r s e n i c 1 6 . 6 5 0 5 0 5 0 0 . 1 7
 
 
S o u r c e : A r g o n n e N a t i o n a l L a b o r a t o r y , 1 9 7 7 .
 
 
 
o f c a l c u l a t i o n s d o n e a t A r g o n n e N a t i o n a l L a b s f o r a s c e n a r i o o f c o a l
u t i l i z a t i o n f o r t h e y e a r 2 0 2 0 t h a t h y p o t h e s i z e s r o u g h l y a t h r e e f o l d i n c r e a s e
o v e r c u r r e n t l e v e l s . T h e s e e s t i m a t e s s h o u l d b e c o m p a r e d t o t h e a t m o s p h e r i c
t r a c e m e t a l l o a d i n g e s t i m a t e s i n T a b l e 4 2 w h i c h i n d i c a t e r o u g h l y c o m p a r a b l e
l e v e l s f o r z i n c . A t m o s p h e r i c c a d m i u m , l e a d , a n d a r s e n i c l o a d i n g s , h o w e v e r ,
a r e s e e n t o b e a t l e a s t a n o r d e r o f m a g n i t u d e g r e a t e r . T h e e s t i m a t e s i n
T a b l e 4 5 i n c l u d e t h e c o n t r i b u t i o n f r o m c o a l s t o r a g e p i l e r u n o f f , d e m i n e -
r a l i z a t i o n o f b o i l e r w a t e r , b l o w d o w n , a n d a s h h a n d l i n g s y s t e m s ; t h e l e v e l o f
e f f l u e n t c o n t r o l i s a s s u m e d t o b e c o n s i s t e n t w i t h c u r r e n t N S P S ( s e e T a b l e 3 1 ) .
T h e s e r e s u l t s s u g g e s t t h a t c o a l - b u r n i n g p o w e r p l a n t s c o n t r i b u t e a s m a l l
p a r t o f t h e t o t a l t r a c e m e t a l l o a d i n g s . E v e n i f t h e c a l c u l a t i o n s a r e i n e r r o r
b y t w o o r d e r s o f m a g n i t u d e ( s a y , o n e d u e t o v a r i a t i o n o f t r a c e e l e m e n t s i n
c o a l , a n o t h e r t o u n c e r t a i n t i e s i n t h e t r a n s p o r t m a t r i x m e t h o d o l o g y a n d t h e
i m p a c t o f w e t d e p o s i t i o n ) , t h e c o n t r i b u t i o n i s s t i l l s e e n t o b e m i n o r . I f
c o r r e c t , t h e q u e s t i o n t h e n b e c o m e s i f n o t f r o m c o a l b u r n i n g p o w e r p l a n t s , t h e n
f r o m w h e r e ? F o r l e a d , t h e a n s w e r s e e m s c l e a r , i n t h a t l e a d e m i s s i o n s f r o m
g a s o l i n e a r e s t i l l t h e l a r g e s t e m i s s i o n s o u r c e , a s i n d i c a t e d i n T a b l e 4 5 . W e
h a v e p r e v i o u s l y n o t e d t h e a b s e n c e o f d e p o s i t i o n e s t i m a t e s f o r a r s e n i c a n d
m e r c u r y - — h e r e c o a l p l a n t s m a y s t i l l b e s i g n i f i c a n t . A m o r e c a r e f u l
i d e n t i f i c a t i o n o f c a d m i u m a n d z i n c s o u r c e s i s n e c e s s a r y , h o w e v e r , b e f o r e t h e
h y p o t h e s i s o f r e l a t i v e l y m i n o r i m p a c t f r o m c o a l c o m b u s t i o n i s a c c e p t e d .
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 T h e s i g n i f i c a n c e o f t h e r e s u l t s o f T a b l e 4 6 i s d i f f i c u l t t o e s t a b l i s h . I f
a l l o f t h e s o l i d w a s t e w e r e p r o p e r l y d i s p o s e d o f b y l a n d f i l l , p r e f e r a b l y w i t h
a n i m p e r v i o u s c o v e r , o n e c o u l d d i s m i s s t h e s o l i d w a s t e s t r e a m a s b e i n g o f
l i t t l e e n v i r o n m e n t a l c o n s e q u e n c e . I t i s l i k e l y , h o w e v e r , t h a t s o l i d w a s t e
d i s p o s a l p r a c t i c e s l e a v e s o m e t h i n g t o b e d e s i r e d , e v e n w i t h t h e p r o v i s i o n s o f
t h e R e s o u r c e C o n s e r v a t i o n a n d R e c o v e r y A c t ( R C R A ) . I n d e e d , i t s h o u l d b e n o t e d
t h a t E P A h a s , f o r t h e m o m e n t , c l a s s i f i e d c o a l a s h a n d s c r u b b e r s l u d g e a s
n o n - h a z a r d o u s , r e m o v i n g t h e s e m a t e r i a l s f r o m t h e m o r e s t r i n g e n t c o m p l e t e
c o n t a i n m e n t p r o v i s i o n s o f R C R A a s t h e y a p p l y t o w a s t e s c l a s s i f i e d a s
h a z a r d o u s . O n e o r d e r o f m a g n i t u d e c h e c k i s t o c o m p a r e l i k e l y t r a c e m e t a l
c o n c e n t r a t i o n s i n l e a c h a t e s w i t h t h e t r a c e m e t a l c o n c e n t r a t i o n s o f d i r e c t
d i s c h a r g e s ( T a b l e 3 2 ) .
I r o n a n d S t e e l I n d u s t r y
U s i n g t h e e m i s s i o n s m e t h o d o l o g y i n t r o d u c e d e a r l i e r a n d t h e s t e e l i n d u s t r y
 
p r o d u c t i o n e s t i m a t e s o f F i g u r e 1 7 , t h e t o t a l r e g i o n a l e m i s s i o n s i n R e g i o n V
c a n b e c o m p u t e d u n d e r v a r i o u s p o l l u t i o n c o n t r o l a s s u m p t i o n s . F i g u r e s 2 0 , 2 1
a n d 2 2 , s h o w p a r t i c u l a t e s , $ 0 2 , a n d s u s p e n d e d s o l i d s , r e s p e c t i v e l y , f o r e a c h
r e g i o n a n d f i v e p o l l u t i o n l e v e l s ( 1 ) t h e s o c a l l e d b a s e l e v e l s , a p p l i e d t o
1 9 7 0 p r o d u c t i o n l e v e l s , w h i c h r e f l e c t o n l y t h e m o s t r u d i m e n t a r y e m i s s i o n
c o n t r o l s , t y p i c a l o f t h e e a r l y 1 9 7 0 ' s , ( 2 ) a c t u a l 1 9 7 6 e m i s s i o n s , b a s e d o n a
r e p o r t b y t h e C o u n c i l o n E c o n o m i c P r i o r i t i e s ( 1 9 7 7 ) , ( 3 ) e m i s s i o n s u n d e r f u l l
c o m p l i a n c e w i t h 1 9 7 7 B e s t P r a c t i c a b l e T e c h n o l o g y ( B P T ) g o a l s f o r s u s p e n d e d
s o l i d s , S I P s f o r a i r p o l l u t a n t s , ( 4 ) e m i s s i o n s f o r I s a r d a n d P a r c e l ' s 1 9 8 5
p r o d u c t i o n e s t i m a t e s u n d e r t h e a s s u m p t i o n o f B e s t A v a i l a b l e T e c h n o l o g y ( B A T )
f o r s u s p e n d e d s o l i d s , f u l l c o m p l i a n c e , i n c l u d i n g f u g i t i v e e m i s s i o n s f o r a i r
p o l l u t a n t s , a n d ( 5 ) e m i s s i o n s f o r I s a r d a n d P a r c e l ' s 2 0 0 0 e s t i m a t e s , a l s o
u n d e r B A T a s s u m p t i o n s .
I t i s c l e a r f r o m t h e s e f i g u r e s t h a t , u n d e r t h e a s s u m p t i o n o f f u l l
c o m p l i a n c e w i t h e m i s s i o n s r e g u l a t i o n s , t h e l e v e l o f f u t u r e p r o d u c t i o n i n t h e
r e g i o n i s n o t a n i m p o r t a n t p a r a m e t e r . F o r e x a m p l e , t h e d i f f e r e n c e b e t w e e n
1 9 7 6 a c t u a l e m i s s i o n s a n d 1 9 7 7 g o a l s , f o r e s s e n t i a l l y t h e s a m e p r o d u c t i o n
l e v e l , i s s o m e 1 5 9 , 0 0 0 t o n n e s o f p a r t i c u l a t e s ; w h e r e a s t h e d i f f e r e n c e b e t w e e n
t h e I s a r d a n d P a r c e l s y e a r 2 0 0 0 p r o d u c t i o n l e v e l , a n d o n e a s s u m i n g o n l y 5 0 % o f
t h i s e s t i m a t e , i s o n l y 8 , 0 0 0 t o n n e s .
1 3 0
  
 
   
 
 
 
 
 
 
 
 
l l
2 4 8 . 1
2 0 0 — 2 2 5 _
B a s e
L e v e ' A c t u a l
< — 1 9 / 6 L e v e l
1 5 0 -
1 2 5 —
1 1 5 r - i
L .
§
8 1 0 0 ‘ $ 3 P 1 7 7
} _ < - B T 9
C ’ )
9
1 . 7
5 0 “
_ 4 4
3 9
B A T 1 9 8 5 2 6
2 3
2 5 -
I
2 0
1 6 1 6 1 6 1 8
‘ 2 0 0 0 ‘ 4 1 2 ‘ “
o o 1 0
0 . 0 9
7 8
8
0 5 % i ﬂ
ﬂ
“ 5 2 r 0 9
3 “
3
6
s
5 i “ )
3
0 . 9 - .
2
1
1
2
C I ‘ ﬂ ' i - H w 7
N E M A E N C W N C S A E S C W S C M P
F i g u r e 2 0 S t e e l I n d u s t r y — - P a r t i c u l a t e s E m i s s i o n s
b y U S . R e g i o n
1 3 1
 
 2 9 8
 
   
  
 
 
  
 
 
 
 
1
2 3 5 _
2 0 0 -
B a s e A c t u a l
L e v e l — - > < — 1 9 7 6 L e v e l
1 5 1
1 5 0 - 1 ‘
1 2 0 —
g 1 0 0 —
c
, 9
a )
$ 2
_ 5 5
< — B P T 1 9 7 7
5 0 -
r
4 1 _
3 1
2 8
2 5 "
[ B A T 1 9 8 5
1 2
0 0 7 ” 2 0 0 0
0 0 5 6 6
1 . 2 9 2
5
3 8
Q 4
0 9 5 1 ‘ 1
C ,
W N C
N E M A E N C S A E S C W S C
F i
g u
r e
2 1
S t
e e
l
I n
d u
s t
r y
—
S u
l f
u r
D i
o x
i d
e
E m
i s
s i
o n
s
b y U S
.
R e
g i
o n
1 3 2
 
W
i
‘
ﬁ
-
"
A
W
 2 0 0 -
1 7 2
B a s e
L e v e l — - — >
1 4 2
 
 
  
  
    
 
1
5
0
-
7
A c
t u
a l
4
—
—
—
1
9
7
6
L
e
v
e
i
- 1
2 2
4
—
B
P
T
1 9
7 7
( I )
( D
E
,
9
1
0
0
—
“ 2
, 2
1
8
8
‘ _
7
2
— i
6 1
5
0
-
3 0
2
5
_
[
B
A
T
1
9
8
5
2 5
2 ‘ 1 7
1 4
5
1 5
1 3
1 4
0 .
0 9
*
2
0
0
0
1 1
1 0
0 8
2 .
0 4
1
7
~ 4
7
( 1
9
.
4
c
m
“
W
ﬁ
g
2
1
3
i
1
1
2
N
E
M
A
E
N
C
W
N
C
S
A
E
S
C
w
s
c
M P
F
i
g
u
r
e
2
2
I
r
o
n
a
n
d S
t
e
e
l
I
n
d
u
s
t
r
y
—
— S
u
s
p
e
n
d
e
d
S
o
l
i
d
s
E
m
i
s
s
i
o
n
b
y U
S
. R
e
g
i
o
n
 
 
 G i v e n t h e s e c i r c u m s t a n c e s , t h e r e a r e g r o u n d s f o r c o n c e r n o v e r r e c e n t
d e v e l o p m e n t s . T h e C a r t e r A d m i n i s t r a t i o n ' s p r o g r a m o f a i d t o t h e s t e e l
i n d u s t r y , a n n o u n c e d S e p t e m b e r 3 0 , 1 9 8 0 , i n c l u d e d a p r o p o s a l t o a m e n d t h e C l e a n
A i r A c t t o a l l o w u p t o t h r e e a d d i t i o n a l y e a r s f o r s t e e l c o m p a n i e s t o m e e t 1 9 8 3
d e a d l i n e s ( U . S . O f f i c e o f T e c h n o l o g y A s s e s s m e n t s , 1 9 8 0 ) . E x t e n s i o n s w o u l d b e
g r a n t e d o n a c a s e b y c a s e b a s i s o n l y i f t h e f u n d s w h i c h w o u l d h a v e b e e n u s e d
f o r e n v i r o n m e n t a l c o n t r o l s a r e u s e d i n t h e s a m e t i m e p e r i o d t o m o d e r n i z e
e x i s t i n g f a c i l i t i e s , a n d w i t h t h e c o n c u r r e n t s h o w i n g t h a t t h e i n d u s t r y w o u l d
n e v e r t h e l e s s m e e t t h e e x t e n d e d d e a d l i n e , a n d e n t e r i n t o a c o n s e n t d e c r e e
s e t t i n g r e v i s e d c o m p l i a n c e s c h e d u l e s .
I m p a c t o f C o n s e r v a t i o n a n d F u e l S u b s t i t u t i o n
 
I n a d d i t i o n t o t h e e n v i r o n m e n t a l c o n t r o l p o l i c y i s s u e s d i s c u s s e d i n t h e
p r e v i o u s s e c t i o n , t h e r e a r e t w o o t h e r i m p o r t a n t m e c h a n i s m s t h a t m a y c h a n g e t h e
p o l l u t a n t l o a d i n g s t o t h e b a s i n . T h e f i r s t i s c o n s e r v a t i o n , u s e d h e r e i n i t s
b r o a d e s t s e n s e o f i n c r e a s i n g t h e e f f i c i e n c y o f u t i l i z a t i o n i n a n y p a r t o f t h e
c o a l f u e l c y c l e , a s w e l l a s c o n s e r v a t i o n - i n d u c e d r e d u c t i o n s i n e n d — u s e
d e m a n d s ; i m p r o v i n g t h e h e a t r a t e o f a b o i l e r - g e n e r a t i n g i n d u s t r i a l p r o c e s s
s t e a m m a y h a v e t h e s a m e e f f e c t , f r o m a n e m i s s i o n s s t a n d p o i n t , a s r e d u c i n g t h e
a m o u n t o f s t e a m r e q u i r e d . T h e s e c o n d i s f u e l s w i t c h i n g , b o t h f r o m a n d t o
c o a l ; t h e O n t a r i o H y d r o s y s t e m , f o r e x a m p l e , i s i n c r e a s i n g n u c l e a r g e n e r a t i o n
i n i t s s y s t e m , d i s p l a c i n g c o a l - f i r e d b a s e l o a d p l a n t s . 0 n t h e o t h e r h a n d ,
t h e r e a r e a n u m b e r o f i n c e n t i v e s o n t h e U . S . s i d e t o i n c r e a s e c o a l u s e i n
i n d u s t r i a l b o i l e r s d i s p l a c i n g o i l a n d n a t u r a l g a s , p r i m a r i l y a s a c o n s e q u e n c e
o f t h e P o w e r P l a n t a n d I n d u s t r i a l F u e l U s e A c t e n a c t e d i n l a t e 1 9 7 8 .
C o n s e r v a t i o n i n t h e E l e c t r i c S e c t o r
C o n s e r v a t i o n : S i n c e t h e b u l k o f c o a l u t i l i z a t i o n i n t h e r e g i o n i s f o r
e l e c t r i c g e n e r a t i o n , i t f o l l o w s t h a t , a l l o t h e r t h i n g s b e i n g e q u a l ,
c o n s e r v a t i o n o f e l e c t r i c i t y w i l l r e s u l t i n l o w e r e m i s s i o n s f r o m c o a l b u r n i n g
p o w e r p l a n t s . U n f o r t u n a t e l y , t h e r e l a t i o n s h i p i s d i f f i c u l t t o q u a n t i f y , s i n c e
n u m e r o u s f a c t o r s d e t e r m i n e t h e r e s p o n s e o f a p a r t i c u l a r u t i l i t y t o l e s s t h a n
a n t i c i p a t e d e l e c t r i c d e m a n d . T h e f i r s t c o m p l i c a t i n g f a c t o r i s t h e e x a c t
1 3 4
 
 
 
 
 n a t
u r e
o f
t h e
c o n
s e r
v a t
i o n
.
M o r
e
e f f
i c i
e n t
o r
l o w
e r e
d
u s e
o f
a i r
c o n
d i t
i o n
e r s
, f o r
e x a
m p l
e , m
a y
m e r
e l y
r e d
u c e
t h e
p e a
k o f
t h e
l o a
d c u
r v e
, w i
t h
t h e
r e s
u l t
t h a
t
t h e
d i s
p l a
c e m
e n t
i s
m a i
n l y
i n
l o w
e r
g e n
e r a
t i o
n
f r o
m
g a s
t u r
b i n
e s , a
n d o
u t p
u t f
r o m
c o a
l - f
i r e
d p l a
n t s
r e m
a i n
s u n
c h a
n g e
d . T
h e
s e c
o n d
c o m
p l i
c a t
i n g
f a c
t o r
i s
t h e
p l a
n n i
n g
r e s
p o n
s e
o f
t h e
u t i
l i t
y
t o
a n y
p e r
s i s
t e n
t
t r e
n d .
I f
l o w
e r e
l e c
t r i
c l o
a d
g r o
w t h
r e s
u l t
s s i
m p l
y i n
a d
e f e
r m e
n t o
f t
h e
c o n
s t r
u c t
i o n
s c h
e d u
l e ,
t h e
n
t h e
r e d
u c t
i o n
i n
c o a
l
r e l
a t e
d
e m i
s s i
o n s
i s
i n
t e r
m s
o n l
y o
f t
h e
p l a
n t s
c o m
p l y
i n g
w i t
h N
e w
S o u
r c e
P e r
f o r
m a n
c e S
t a n
d a r
d s .
F o r
e x a
m p l
e ,
n o t
b u i
l d i
n g
a
n e w
c o a
l — f
i r e
d
p o w
e r
p l a
n t
i n
t h e
U . S
.
g a i
n s
o n e
o n l
y
0 . 2
k g
5 0 2
/ 1 0
9 J
i n
t h e
w a y
o f
s u l
f u r
e m i
s s i
o n s
, m
u c h
l e s
s t
h a n
t h e
a v e
r a g
e l
e v e
l o
f S
O 2
e m i
s s i
o n s
f r o
m e
x i s
t i n
g p
l a n
t s ,
a b o
u t
1 - 2
k g
5 0 2
/ 1 0
9 J
.
T h i
s m
e a n
s t
h a t
e v e
n i
n a
h y p
o t h
e t i
c a l
u t i
l i t
y t
h a t
i s
e n t
i r e
l y
c o a
l - f
i r e
d ,
a g
i v e
n
p e r
c e n
t
r e d
u c t
i o n
i n
e l e
c t r
i c
d e m
a n d
r e s
u l t
s
i n
a m
u c h
l o w
e r
p e r
c e n
t a g
e
r e d
u c t
i o n
i n
e m i
s s i
o n s
.
F u e l S w i t c h i n g i n t h e I n d u s t r i a l S e c t o r
T h e
r e
a r e
v a r
y i n
g
v i e
w s
o n
t h e
i m p
a c t
o f
r e c
e n t
l e g
i s l
a t i
o n
o n
f u e
l
u s e
i n
t h e
i n d
u s t
r i a
l
s e c
t o r
.
T h e
P o w
e r
P l a
n t
a n d
I n d
u s t
r i a
l
F u e
l
U s e
A c t
( P I
F U A
) ,
f o r
e x a
m p l
e ,
e n a
c t e
d
b y
t h e
U n i
t e d
S t a
t e s
C o n
g r e
s s
i n
1 9 7
8 ,
h a s
a s
o n e
o f
i t s
m a j
o r
p r o
v i s
i o n
s
t h e
p r o
h i b
i t i
o n
o f
o i l
a n d
n a t
u r a
l
g a s
u s e
a s
a n
i n d
u s t
r i a
l
b o i
l e r
f u e
l ,
a l t
h o u
g h ,
a s
a l w
a y s
i n
t h e
c a s
e
o f
s u c
h
l e g
i s l
a t i
o n ,
t h e
r e
a r e
n u m
e r o
u s
p r o
v i s
i o n
s
f o r
e c o
n o m
i c
a n d
e n v
i r o
n m e
n t a
l
e x e
m p t
i o n
s .
O n e
o f
t h e
p r o
b l e
m s
i n
a s s
e s s
i n g
t h e
i m p
a c t
o f
s u c
h
l e g
i s l
a t i
o n
i s
t h e
c o n
f u s
i o n
t h a
t
t y p
i c a
l l y
s u r
r o u
n d s
t h e
r u l
e - m
a k i
n g
p r o
c e s
s .
A l t
h o u
g h
e n a
c t e
d
i n
l a t
e
1 9 7
8 ,
t h e
f i n
a l
r u l
e
g o v
e r n
i n g
e x e
m p t
i o n
s
w a s
i s s
u e d
o n l
y
i n
J u n
e
1 9 8
0 . ‘
T h e
f i r
s t
p r o
p o s
a l
f o r
c o s
t
e x e
m p t
i o n
s
w a s
b a s
e d
o n
a
3 0 %
c o s
t
p e n
a l t
y ,
w h i
c h
r e q
u i r
e d
a
s h o
w i n
g
t h a
t
t h e
c o s
t
o f
u s i
n g
c o a
l
w o u
l d
b e
3 0 %
g r e
a t e
r
t h a
n
t h e
c o s
t
o f
u s i
n g
t h e
a l t
e r n
a t e
f u e
l
( o i
l ,
n a t
u r a
l
g a s
) ,
b e f
o r e
a n
e x e
m p t
i o n
w o u
l d
b e
g r a
n t e
d .
T h e
f i n
a l
r u l
e ,
h o w
e v e
r ,
p r o
p o s
e s
a q
u i t
e
d i f
f e r
e n t
p r o
c e d
u r e
b a s
e d
o n
a
c o m
p a r
i s o
n
o f
n e t
p r e
s e n
t
v a l
u e
o v e
r
t h e
l i f
e t i
m e
o f
t h e
b o i
l e r
u s i
n g
t h e
t w o
d i f
f e r
e n t
f u e
l s
( c o
a l
v s .
t h e
a l t
e r n
a t e
) ,
i n
w h i
c h
a "
$ 5 /
g a l
p r e
m i u
m "
i s
a d d
e d
t o t h e c o s
t
o f o i l
.
 
 T A B L E 4 7
I N C R E A S E D C O A L C O N S U M P T I O N I N 1 9 8 5 A S A R E S U L T O F T H E P I F U A :
I L L U S T R A T I O N O F R E L A T I V E I M P A C T S
( m i l l i o n s o f t o n n e s )
 
 
 
D e m a n d C o a l F u e l C o s t P e n a l t y ( % )
R e g i o n E n e r g y
1 0 9 J / t o n n e o 1 0 2 0 3 0 5 0 1 0 0
I 2 8 0 . 0 4 0 . 0 7 0 . 4 5 0 . 7 9 1 . 3 6 1 . 7 2
I I 2 8 0 . 0 7 0 . 5 7 0 . 8 3 1 . 0 6 1 . 4 0 1 . 5 9
I I I
2 8
0 . 7 5
1 . 0 6
1 . 3 6
1 . 5 1
1 . 7 8
1 . 9 3
I V 2 7 2 . 9 2 4 . 8 9 5 . 1 3 5 . 5 6 6 . 9 8 8 . 0 4
V 2 7 0 . 6 4 1 . 1 0 2 . 9 2 3 . 4 7 4 . 5 7 4 . 9 3
V I 2 0 2 0 . 3 8 3 7 . 7 8 3 8 . 4 2 4 0 . 2 9 4 0 . 9 9 4 2 . 2 1
V I I
2 2
0 . 2 4
0 . 2 4
0 . 4 7
0 . 8 6
1 . 2 0
1 . 2 9
V I I I 2 2 0 . 1 0 0 . 4 3 0 . 4 8 0 . 4 8 0 . 6 7 0 . 8 1
I X
2 2
1 . 3 2
2 . 8 6
3 . 4 0
5 . 3 4
5 . 9 2
6 . 3 5
X 2 1 0 . 3 0 0 . 3 0 0 . 4 0 0 . 4 0 0 . 4 5 0 . 5 5
T o t a l C o a l C o n s u m p t i o n 2 6 . 7 6 4 9 . 3 0 5 3 . 8 6 5 9 . 7 6 6 5 . 3 2 6 9 . 4 2
I n d u c e d b y P I F U A 0 2 2 . 5 2 2 7 . 0 8 3 3 . 0 0 3 8 . 5 6 4 2 . 6 5
 
 
S o u r c e : U . S . D e p a r t m e n t o f E n e r g y , 1 9 7 8 .
 
 
T a b l e 4 7 , e x t r a c t e d f r o m t h e P I F U A E n v i r o n m e n t a l I m p a c t S t a t e m e n t ( U . S .
D e p a r t m e n t o f E n e r g y , 1 9 7 8 ) ,
i n d i c a t e s t h e e x p e c t e d i n c r e a s e s i n i n d u s t r i a l
c o a l u s e a s a f u n c t i o n o f t h e s o c a l l e d f u e l c o s t p e n a l t y .
I f t h i s w e r e s e t
a t z e r o , e v e r y o n e g e t s a n e x e m p t i o n t o t h e r u l e s p r o h i b i t i n g o i l a n d n a t u r a l
g a s , u n l e s s u s i n g c o a l i s c h e a p e r , a n d t h u s t h e c o l u m n 0 % f u e l c o s t p e n a l t y
i n d i c a t e s t h e i n c r e a s e d c o a l c o n s u m p t i o n e x p e c t e d i n t h e a b s e n c e o f t h e A c t .
T h e 1 0 0 % f u e l c o s t p e n a l t y
c a s e w o u l d
c o r r e s p o n d
t o t h e c a s e w h e r e
a n
e x e m p t i o n i s g r a n t e d o n l y u p o n s h o w i n g t h a t t h e u s e o f c o a l w o u l d b e 1 0 0 % a s
c o s t l y a s t h e u s e o f t h e a l t e r n a t i v e f u e l , w h i c h w o u l d r a r e l y b e t h e c a s e
u n d e r c u r r e n t p r i c e c o n d i t i o n s .
W h a t e m e r g e s f r o m T a b l e 4 7 i s t h e f a c t t h a t
i t i s F e d e r a l R e g i o n V I , t h e s o u t h w e s t , w h e r e t h e A c t h a s i t s g r e a t e s t
i n c r e m e n t a l e f f e c t ( U . S . D e p a r t m e n t o f E n e r g y , 1 9 7 8 ) .
I n R e g i o n V , t h e G r e a t
L a k e s s t a t e s , t h e e f f e c t i s m i n i m a l , a m o u n t i n g t o o n l y s o m e 4 . 0 m i l l i o n
t o n n e s / y r
o f a d d i t i o n a l
c o a l u s e .
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C o n c l u s i o n s
T h e f i r s t o r d e r c a l c u l a t i o n s p r e s e n t e d i n t h i s p r e l i m i n a r y a s s e s s m e n t
p e r m i t t h e f o l l o w i n g c o n c l u s i o n s :
1 . A l t h o u g h a n u m b e r o f s t u d i e s h a v e a t t e m p t e d t o q u a n t i f y t r a c e m e t a l
e m i s s i o n s a n d d e p o s i t i o n r a t e s i n t h e G r e a t L a k e s b a s i n r e g i o n , m o s t
n o t a b l y t h e s t u d i e s b y A c r e s , ( 1 9 7 5 a n d 1 9 7 7 ) f o r I J C t h e r e a r e t o o
m a n y d i s c r e p a n c i e s i n e m i s s i o n s i n v e n t o r i e s a n d t o o m a n y
u n c e r t a i n t i e s i n l o a d i n g e s t i m a t e s b a s e d o n a t m o s p h e r i c s a m p l i n g t o
h a v e m u c h c o n f i d e n c e i n t h e i r c o n c l u s i o n s . I n a n y e v e n t , n o t h i n g i n
t h e r e p o r t e d l i t e r a t u r e s u g g e s t s a n u n d e r s t a n d i n g o f t h e f u l l
s o u r c e - t o - r e c e p t o r m a s s b a l a n c e f o r t r a c e m e t a l s , m u c h l e s s b e i n g
a b l e t o i d e n t i f y s p e c i f i c s o u r c e s a s b e i n g r e s p o n s i b l e f o r s p e c i f i c
l o a d i n g s c o n t r i b u t i o n s .
2 . T h e o r d e r o f m a g n i t u d e c a l c u l a t i o n s c o n d u c t e d a s p a r t o f t h i s
p r e l i m i n a r y a s s e s s m e n t s u g g e s t t h a t c o a l c o m b u s t i o n c o n t r i b u t e s a
v e r y s n a l l p a r t o f t h e t r a c e m e t a l l o a d i n g s p r o b l e m , a s s u m i n g t h a t
e s t i m a t e s o f a t m o s p h e r i c l o a d i n g s t o t h e l a k e s b a s e d o n s a m p l i n g
s t u d i e s a r e a c c u r a t e t o w i t h i n o n e o r t w o o r d e r s o f m a g n i t u d e .
E x c e p t f o r l e a d , f o r w h i c h t h e r e i s c l e a r e v i d e n c e p o i n t i n g t o
g a s o l i n e e n g i n e e m i s s i o n s , t h e i s s u e b e c o m e s o n e o f a c c o u n t i n g f o r
t h e o t h e r s o u r c e s i f i n d e e d c o a l s o u r c e s a r e n e g l i g i b l e . T h e r e a r e
n o d e p o s i t i o n e s t i m a t e s f o r m e r c u r y a n d a r s e n i c , a n d t h u s t h e
r e l a t i v e c o n t r i b u t i o n o f t h e s e p o l l u t a n t s f r o m c o a l u t i l i z a t i o n i s
i n d e t e r m i n a t e .
3 . R e g a r d l e s s o f t h e a b s o l u t e q u a n t i t i e s o f t r a c e m e t a l s e m i t t e d , i t c a n
b e s t a t e d w i t h s o m e c o n f i d e n c e t h a t e x i s t i n g f a c i l i t i e s , b e t h e y
e l e c t r i c u t i l i t i e s , s t e e l m i l l s , o r i n d u s t r i a l b o i l e r s , a r e m o r e
i m p o r t a n t p o i n t s o u r c e s t h a n n e w f a c i l i t i e s . T h i s i s a r e s u l t o f t h e
e m i s s i o n s c o n t r o l s t r a t e g y a d o p t e d i n t h e U . S . , w h i c h i m p o s e s m u c h
m o r e s t r i n g e n t c o n t r o l s ( N e w S o u r c e P e r f o r m a n c e S t a n d a r d s ) o n n e w
f a c i l i t i e s t h a n o n o l d f a c i l i t i e s . T h u s , t h e g r e a t e s t a n d
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 s y s t e m a t i c a l l y b e n e f i c i a l i m p a c t o n e m i s s i o n s i s t o b e e x p e c t e d f r o m t h e
c l o s u r e
o r r e t i r e m e n t
o f o l d
f a c i l i t i e s ,
a l m o s t
r e g a r d l e s s
o f w h e t h e r
o r
n o t t h e o l d f a c i l i t y i s r e p l a c e d b y a n e w o n e . T h i s
f o l l o w s b e c a u s e N e w S o u r c e P e r f o r m a n c e S t a n d a r d s t y p i c a l l y i m p o s e S O X
a n d p a r t i c u l a t e e m i s s i o n l i m i t s t h a t a r e a n o r d e r o f m a g n i t u d e
s m a l l e r t h a n t h o s e r e q u i r e d b y c u r r e n t S t a t e I m p l e m e n t a t i o n P l a n s
( S I P s ) f o r e x i s t i n g f a c i l i t i e s .
4 . W i t h i n t h e G r e a t L a k e s b a s i n d r a i n a g e a r e a , t h e U . S . c o n t r i b u t e s
a b o u t t h r e e t i m e s t h e e m i s s i o n s f r o m u t i l i t y s o u r c e s , a n d 1 0 t i m e s
m o r e
f r o m
i n d u s t r i a l
s o u r c e s
t h a n
d o e s
C a n a d a .
W h e n
a l l
o f
O n t a r i o
a n d t h e e i g h t G r e a t L a k e s s t a t e s a r e t a k e n i n t o a c c o u n t , a s t h e y m u s t
b e
w h e n
c o n s i d e r i n g
t h e
a t m o s p h e r i c
p a t h w a y ,
t h e
U . S .
c o n t r i b u t e s
1 0
t i m e s t h e e m i s s i o n s f r o m u t i l i t y s o u r c e s , a n d 4 0 t i m e s t h e a m o u n t
f r o m
i n d u s t r i a l
s o u r c e s
a s d o e s
C a n a d a .
T h e r e
a r e
s o m e
v e r y
l a r g e
p o i n t s o u r c e s i n C a n a d a , f o r e x a m p l e , t h e S u d b u r y S m e l t e r , a n d t h e
N a n t i c o k e P o w e r S t a t i o n t h a t m a y h a v e s i g n i f i c a n t l o c a l i m p a c t s a s
w e l l a s s o m e t r a n s b o u n d a r y s i g n i f i c a n c e ; b u t t h e U . S . s o u r c e s
d o m i n a t e t h e e n t i r e r e g i o n a l e m i s s i o n s s i t u a t i o n .
 
5 . I n g e n e r a l , t h e g r e a t e s t t h r e a t t o a n o t h e r w i s e i m p r o v i n g e m i s s i o n s
p i c t u r e
i n
t h e
G r e a t
L a k e s
b a s i n
r e g i o n
i s
t h e
e n f o r c e m e n t
o f
a i r
p o l l u t i o n c o m p l i a n c e s c h e d u l e s f o r e x i s t i n g f a c i l i t i e s . B e c a u s e o f
t h e
d i f f i c u l t i e s
t h a t
b o t h
t h e
i r o n
a n d
s t e e l ,
a n d
a u t o m o b i l e
i n d u s t r i e s f i n d t h e m s e l v e s i n a t t h e p r e s e n t , t h e r e a r e s t r o n g
p r e s s u r e s
t o
r e l a x
t h e s e
s c h e d u l e s
s o
a s
t o
f r e e
c a p i t a l
o u t l a y s
f o r
c o n s t r u c t i o n a n d m o d e r n i z a t i o n o f p r o d u c t i v e f a c i l i t i e s .
B a s e d o n t h e m a n y u n c e r t a i n t i e s t h a t h a v e b e e n i d e n t i f i e d i n t h i s i n i t i a l
a p p r a i s a l ,
t w o m a j o r
a s s e s s m e n t
p r i o r i t i e s
r e m a i n :
1 .
E m i s s i o n s B a l a n c e :
G i v e n t h e i n d i c a t i o n s o f t h i s a s s e s s m e n t t h a t
c o a l b u r n i n g
c o m b u s t i o n
i s r e s p o n s i b l e
f o r o n l y a s m a l l
p a r t o f t h e
t o t a l t r a c e m e t a l d e p o s i t i o n
p r o b l e m i n t h e G r e a t L a k e s , t h e q u e s t i o n
t h e n b e c o m e s
o n e o f a c c o u n t i n g
f o r t h e o t h e r
s o u r c e s .
T h i s
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a c c o u n t i n g
s h o u l d
i n c l u d e
n o n — e n e r g y
p r o c e s s
e m i s s i o n s
a n d
a r e a
s o u r c e s
a s
w e l l
a s
a l l
e n e r g y
s o u r c e s ,
n o t
j u s t
c o a l .
T h i s
e m i s s i o n s
p i c t u r e s h o u l d b e e s t a b l i s h e d o n t h e b a s i s o f A Q C R s , a n d c o v e r t h e
e n t i r e
r e g i o n
o f
i n t e r e s t
( O n t a r i o
a n d
a l l
o f
t h e
G r e a t
L a k e s
s t a t e s
i n t h e U n i t e d S t a t e s ) , w i t h a f u r t h e r d i s a g g r e g a t i o n b y d r a i n a g e
a r e a .
T h e
e n t i r e d a t a b a s e
s h o u l d b e
s t r u c t u r e d i n m a t r i x a l g e b r a i c
f o r m , ( s e e M e i e r 1 9 8 1 ) f o r m a x i m u m c o m p u t a t i o n a l
f l e x i b i l i t y a n d
m i n i m u m
o f
c o s t
i n
d a t a
b a s e
d e s i g n .
2 .
A t m o s p h e r i c M o d e l l i n g :
W h i l e t h e A c r e s
( 1 9 7 5 a n d 1 9 7 7 )
s t u d i e s o f
L R T A P
r e p r e s e n t
e x c e l l e n t
s t a r t i n g
p o i n t s ,
t h e
u s e
o f
t h e
m a t r i x
 
t e c h n i q u e i s r e c o m m e n d e d f o r t h e p u r p o s e o f e n e r g y a s s e s s m e n t .
T h i s
w i l l
r e q u i r e
t h e
a d d i t i o n
o f
C a n a d i a n
a n d
G r e a t
L a k e s
l o c a t i o n s
t o
t h e e x i s t i n g
A Q C R
t o A Q C R
m a t r i x
a v a i l a b l e
f o r t h e U n i t e d
S t a t e s .
' T h e
d a t a
b a s e
s h o u l d
b e
b u i l t
u p
i n
a
f l e x i b l e
w a y ,
s o
a s
t o
f a c i l i t a t e t h e c a l c u l a t i o n o f e f f e c t s f r o m d i f f e r e n t e m i s s i o n s o u r c e s
( e . g . ,
o l d
p l a n t s
v s .
n e w
p l a n t s ,
c o a l
v s .
o t h e r
f o s s i l
f u e l s ,
e t c . ) .
E m b o d i e d
i n t h e m a t r i x
t e c h n i q u e
s h o u l d
b e t r a c e
m e t a l
s p e c i a t i o n
o f
p a r t i c u l a t e s ,
a n d
d e p o s i t i o n
e s t i m a t e s
i n
t h e
r e c e p t o r
a r e a s .
S e p a r a t e
m a t r i c e s
s h o u l d
b e
u s e d
f o r
u t i l i t i e s ,
i n d u s t r i a l ,
a n d
a r e a
s o u r c e s ,
t o
a c c o u n t
f o r
d i f f e r e n c e s
i n
s t a c k
h e i g h t .
O T H E R T E C H N O L O G I E S
O t h e r
e n e r g y
t e c h n o l o g i e s
w h i c h
w i l l
l i k e l y
b e
f u r t h e r
d e v e l o p e d
i n
o r d e r
t o r e d u c e t h e d e p e n d e n c y o n f o s s i l f u e l s a r e b i o m a s s c o n v e r s i o n , h y d r o e l e c t r i c
p o w e r ,
a n d
t h e
d i r e c t
u s e
o f
s o l a r
e n e r g y
a n d
w i n d
p o w e r .
T h e s e
a l t e r n a t i v e
t e c h n o l o g i e s , a l o n g w i t h p r o g r a m s t o c o n s e r v e a n d m o r e w i s e l y u s e e x i s t i n g
c o n v e n t i o n a l
e n e r g y
s o u r c e s ,
w i l l
g e n e r a l l y
r e d u c e
t h e
d i s c h a r g e
o f
r e s i d u a l s ,
s u c h a s 5 0 2 , N 0 2 , t r a c e m e t a l s , a n d t o x i c o r g a n i c s u b s t a n c e s , b u t m a y i m p a c t
t h e e c o s y s t e m
i n o t h e r
w a y s .
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 B i o m a s s
A s u p p l y o f r e n e w a b l e g a s e o u s a n d l i q u i d f u e l s c a n b e o b t a i n e d f r o m t h e
c o n v e r s i o n o f t h e e n e r g y c o n t a i n e d i n p l a n t m a t t e r ( b i o m a s s ) . I n a d d i t i o n ,
t h e d i r e c t c o m b u s t i o n o f b i o m a s s c a n b e a s u b s t a n t i a l e n e r g y s o u r c e .
T h e p r o d u c t i o n o f e n e r g y f r o m b i o m a s s i s a t t r a c t i v e f o r s e v e r a l r e a s o n s .
T h e a m o u n t o f f u e l i s p o t e n t i a l l y q u i t e l a r g e , e s t i m a t e d t o b e a b l e t o s u p p l y
m o r e t h a n f i v e p e r c e n t o f C a n a d a ' s p r e s e n t e n e r g y c o n s u m p t i o n ( S c i e n c e C o u n c i l
o f C a n a d a , 1 9 7 5 ) . I n t h e U . S . , i t i s e s t i m a t e d t h a t b y t h e y e a r 2 0 1 0 a t o t a l
o f 5 . 7 x 1 0 1 8 J o f e n e r g y c o u l d b e p r o d u c e d a n n u a l l y f r o m m u n i c i p a l a n d
a g r i c u l t u r a l w a s t e s a l o n e , w h i c h a m o u n t s t o a b o u t s e v e n p e r c e n t o f t h e p r e s e n t
e n e r g y c o n s u m p t i o n i n t h e U . S . ( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
D e v e l o p m e n t o f r e n e w a b l e b i o m a s s r e s o u r c e s a s a n a l t e r n a t i v e e n e r g y s u p p l y
w o u l d r e d u c e t h e a m o u n t s o f s o m e p o l l u t a n t s , s u c h a s s u l f u r , d i s c h a r g e d t o t h e
e c o s y s t e m . A l s o , d e v e l o p i n g f u e l s f r o m w a s t e b i o m a s s m a t e r i a l s w o u l d h e l p t o
a l l e v i a t e p r e s e n t w a s t e d i s p o s a l p r o b l e m s .
M o s t d r y f o r m s o f b i o m a s s c a n b e b u r n e d d i r e c t l y t o p r o d u c e h e a t , s t e a m ,
o r e l e c t r i c i t y . A t r e n d t o w a r d t h e u s e o f w o o d b u r n i n g f o r d o m e s t i c h o m e s i s
i n c r e a s i n g a n d c o n c e r n i s d e v e l o p i n g t h a t t h i s w i l l l e a d t o i n c r e a s e d a m o u n t s
o f p a r t i c u l a t e s a n d o r g a n i c s ( H a l l a n d D e A n g e l i s , 1 9 8 0 ) b e i n g e m i t t e d t o t h e
a t m o s p h e r e a n d c o n t r i b u t i n g t o i n d o o r a s w e l l a s o u t d o o r a i r p o l l u t i o n
( C o o p e r , 1 9 8 0 ) . O t h e r p o l l u t a n t s , s u c h a s s u l f u r d i o x i d e a n d c a r b o n m o n o x i d e ,
w i l l b e r e d u c e d . A t h e o r e t i c a l a n a l y s i s o f s e v e r a l r e s o u r c e r e c o v e r y
s c e n a r i o s i n t h e U . S . t o p r o d u c e e n e r g y f r o m t h e b u r n i n g o f m u n i c i p a l s o l i d
w a s t e s e s t i m a t e d t h a t n e t e m i s s i o n s o f c a r b o n m o n o x i d e , N O X , a n d m e t h a n e
w o u l d b e r e d u c e d ( U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , 1 9 7 9 ) . S u l f u r d i o x i d e
a n d h y d r o c a r b o n s w o u l d a l s o b e r e d u c e d , a n d t h e r e w o u l d b e a s l i g h t i n c r e a s e
i n p a r t i c u l a t e s a n d a l d e h y d e s e m i t t e d t o t h e a t m o s p h e r e a s a r e s u l t o f t h e
r e a s o n a b l e s c e n a r i o s f o r r e s o u r c e r e c o v e r y b y 1 9 9 0 . T h e u s e o f s c r u b b e r s f o r
_ c l e a n i n g s t a c k g a s e m i s s i o n s f r o m i n c i n e r a t o r s w i l l i n c r e a s e w a s t e w a t e r
l f l o w s . T h e s e c o n t a m i n a t e d w a s t e w a t e r f l o w s w i l l b e d i s c h a r g e d e i t h e r t o
m u n i c i p a l w a s t e w a t e r t r e a t m e n t p l a n t s o r s u r f a c e s t r e a m s w h e r e t h e y c a n
c o n t r i b u t e a d d i t i o n a l p o l l u t i o n l o a d s .
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 B i o l o g i c a l c o n v e r s i o n t e c h n o l o g y , u t i l i z i n g n a t u r a l a n a e r o b i c d e c a y
p r o c e s s e s , c a n p r o d u c e h i g h q u a l i t y f u e l s d i r e c t l y f r o m b i o m a s s . U t i l i z a t i o n
o f t h e p r o c e s s o n f a r m s t o s u p p l y m e t h a n e a n d r e c y c l e t h e a n i m a l w a s t e s a r e
b e i n g a d e q u a t e l y d e m o n s t r a t e d ( S h e a f f e r e t a l . , 1 9 8 0 ; P h i l l i p s , 1 9 8 0 ) a s
s o u r c e s o f e n e r g y . A n a e r o b i c f e r m e n t a t i o n o f w h e y a n d o t h e r w a s t e p r o d u c t s o f
t h e d a i r y , c h e e s e , a n d a l c o h o l i n d u s t r i e s c a n p r o d u c e l o c a l i z e d p o w e r
g e n e r a t i o n a s w e l l a s d e c r e a s e B O D a n d C O D d i s c h a r g e l e v e l s i n t h e G r e a t L a k e s
w a t e r s h e d .
E t h a n o l f e r m e n t a t i o n c a n a l s o p r o d u c e a l c o h o l f u e l s f o r u s e i n g a s o h o l f o r
v e h i c l e s o r o t h e r u s e s f o r l i q u i d f u e l s . T h e s e c a n b e d e v e l o p e d o n a
c o m m e r c i a l l e v e l u s i n g w a s t e a g r i c u l t u r a l p r o d u c t s a s f e e d s t o c k s ( U . S .
E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , A l c o h o l F u e l s , 1 9 8 0 ) a n d f o r i n d i v i d u a l s m a l l
f a r m s y s t e m s ( U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , T e s t i n g a n d E v a l u a t i o n ,
1 9 8 0 ) . T h e E n e r g y S e c u r i t y A c t e s t a b l i s h e d a g o a l o f a t l e a s t 6 0 , 0 0 0 b a r r e l s
p e r d a y o f a l c o h o l b y D e c e m b e r , 1 9 8 2 a n d a t l e a s t 1 0 p e r c e n t o f t h e l e v e l o f
g a s o l i n e c o n s u m p t i o n w i t h i n t h e U n i t e d S t a t e s b y 1 9 9 0 .
E n e r g y p r o d u c t i o n f r o m b i o m a s s p r o d u c e s v a r y i n g l e v e l s o f e m i s s i o n s o f a i r
a n d w a t e r p o l l u t a n t s , a n d s o m e p r o c e s s e s r e q u i r e l a r g e q u a n t i t i e s o f w a t e r .
W o o d b u r n i n g s t o v e s c a n p r o d u c e s i g n i f i c a n t a m o u n t s o f a t m o s p h e r i c p o l l u t a n t
e m i s s i o n s . B a c t e r i a l f e r m e n t a t i o n o f f e r s a m e c h a n i s m f o r c o m b i n i n g b i o m a s s
e n e r g y p r o d u c t i o n w i t h n u t r i e n t r e c y c l i n g a n d s o i l r e p l e n i s h m e n t , s o t h a t s o m e
o f t h e i m p o r t a n t e c o l o g i c a l i m p a c t s o f r e s i d u e c o l l e c t i o n a n d n e w g r o w t h
b i o m a s s p r o d u c t i o n w o u l d b e e s s e n t i a l l y a l l e v i a t e d . S o m e b i o m a s s t e c h n o l o g i e s
h a v e l i t t l e i m p a c t o n s e c o n d a r y u s e s o f t h e f e e d s t o c k s . E t h a n o l p r o d u c t i o n
f r o m g r a i n s s u c h a s c o r n d o e s n o t r e d u c e t h e p r o t e i n a v a i l a b l e . R a t h e r t h e
p r o t e i n i s c o n c e n t r a t e d i n t h e r e s i d u e . H o w e v e r , t h e c a r b o h y d r a t e s w i l l b e
r e d u c e d .
E x p l o i t a t i o n o f n e w g r o w t h b i o m a s s f o r e n e r g y c o u l d i n v o l v e c o m p e t i t i o n
f o r l a n d , f o o d , o r l u m b e r . I n t e n s i f i c a t i o n o f l o g g i n g a n d h a r v e s t i n g o f
f o r e s t s i n t h e G r e a t L a k e s b a s i n c o u l d h a v e s o m e n e g a t i v e i m p a c t s o n t h e
e c o s y s t e m , p a r t i c u l a r l y t h e U p p e r G r e a t L a k e s . A s r e p o r t e d i n t h e P o l l u t i o n
f r o m L a n d U s e A c t i v i t i e s R e f e r e n c e G r o u p s t u d i e s , i n t e n s i v e a g r i c u l t u r a l a n d
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 s i l v i c u l t u r a l
o p e r a t i o n s
c a n
i n c r e a s e
t h e
d i s c h a r g e
o f
c e r t a i n
p o l l u t a n t s
i n t o
t h e
G r e a t
L a k e s
( I n t e r n a t i o n a l
J o i n t
C o m m i s s i o n ,
E n v i r o n m e n t a l ,
1 9 7 8 ) .
P o l l u t a n t d i s c h a r g e s t h a t w o u l d h a v e r e s u l t e d f r o m t h e r e p l a c e d e n e r g y s o u r c e s
w o u l d
b e
b e n e f i t s .
A g r i c u l t u r a l
c h e m i c a l
u s e ,
i n c l u d i n g
n u t r i e n t s ,
i n s e c t i c i d e s , a n d h e r b i c i d e s w o u l d b e i n c r e a s e d , a n d t h e i n c r e a s e i n
m o n o c u l t u r e
a g r i c u l t u r a l
c r o p s
a n d
h e a v y
c o n s u m p t i v e
u s e
o f
w a t e r
c o u l d
l e a d
t o
s e r i o u s
e c o l o g i c a l
c h a n g e s
i n t h e G r e a t L a k e s
b a s i n .
E n e r g y
p r o d u c t i o n
f r o m
b i o m a s s
" p l a n t a t i o n s " ,
s p e c i a l
c r o p s
g r o w n
f o r
e n e r g y c o n v e r s i o n , w i l l l i k e l y b e s e v e r e l y c o n s t r a i n e d b y l a n d a n d w a t e r
a v a i l a b i l i t y .
A l t h o u g h
i t
m a y
n o t
b e
p r u d e n t
t o
d e v o t e
l a r g e
a m o u n t s
o f
w a t e r
a n d f e r t i l e l a n d e x c l u s i v e l y t o
t h e p r o d u c t i o n o f e n e r g y c r o p s , b i o m a s s e n e r g y
p r o d u c t i o n
f r o m
a g r i c u l t u r a l ,
w o o d ,
a n d
f i b r e
w a s t e
p r o d u c t s
s h o u l d
b e
e n c o u r a g e d .
T h e u t i l i z a t i o n o f e x i s t i n g a g r i c u l t u r a l a n d m u n i c i p a l w a s t e s f o r
c o n v e r s i o n
t o
u s e f u l
f u e l s
a n d
c h e m i c a l
f e e d s t o c k s ,
i f
t h i s
c a n
b e
d o n e
w i t h o u t l o s i n g o f n u t r i e n t s a n d c o n t r i b u t i n g t o l a n d r u n o f f p r o b l e m s , w i l l
c o n s t i t u t e
a
n e t
d e c r e a s e
i n
e c o l o g i c a l
p r o b l e m s
r e s u l t i n g
f r o m
s u p p l y i n g
t h e
e n e r g y
r e q u i r e d
i n
t h e
U n i t e d
S t a t e s
a n d
C a n a d a .
H y d r o e l e c t r i c
C o n v e n t i o n a l
h y d r o
p o w e r
p r o d u c t i o n
i s
2 7 5 0
M W
i n
t h e
U . S .
p o r t i o n
o f
t h e
G r e a t L a k e s b a s i n , w h i l e 3 1 7 0 M W a r e p r o d u c e d i n t h e C a n a d i a n p o r t i o n .
T a b l e
4 8
p r o v i d e s
d e t a i l s
f o r
e a c h
b y
l a k e
d r a i n a g e
b a s i n
( U . S .
F e d e r a l
E n e r g y
R e g u l a t o r y C o m m i s s i o n , H y d r o e l e c t r i c , 1 9 8 0 a n d O n t a r i o H y d r o , 1 9 8 0 ) .
P o t e n t i a l
f o r
n e w
s o u r c e s
i n
t h e
U . S .
i s
g e n e r a l l y
l o w ,
a m o u n t i n g
t o
2 2 . 7 %
o f
p r e s e n t
c o m p a r e d
t o 2 9 . 4 %
f o r C a n a d a .
T h e r e
a r e
f i v e
a l t e r n a t i v e s
a v a i l a b l e
f o r
f u t u r e
p r o d u c t i o n
o f
h y d r o
e l e c t r i c i t y
i n
t h e
G r e a t
L a k e s
r e g i o n .
I n
o r d e r
o f
t h e i r
f e a s i b i l i t y t h e s e
a l t e r n a t i v e s
a r e :
( 1 )
e x p a n s i o n
a t
e x i s t i n g
p l a n t s ,
( 2 )
n e w
d e v e l o p m e n t s ,
( 3 )
e x p a n s i o n
o f
n o r t h e r n
C a n a d i a n
s o u r c e s
i n
O n t a r i o
a n d
Q u e b e c ,
( 4 )
p u m p e d
s t o r a g e ,
a n d
( 5 )
s m a l l
s c a l e / l o w
h e a d .
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B a s i n
L a k e O n t a r i o
U . S .
C a n a d a
T O T A L
L a k e E r i e
U . S .
C a n a d a
T O T A L
L a k e H u r o n
U . S .
C a n a d a
T O T A L
L a k e M i c h i g a n
U . S .
T O T A L
L a k e S u p e r i o r
U . S .
C a n a d a
T O T A L
U . S . T O T A L
C a n . T O T A L
B A S I N T O T A L
D e v e l o p e d
f K W !
2 2 0 1 6 5 5
2 0 3 9 8 2 0
4 2 4 1 4 7 5
2 4 2 0
2 4 2 0
6 0 8 7 0
5 6 9 1 8 8
6 3 0 0 5 8
3 0 0 6 9 1
1 8 3 4 2 5
5 6 4 2 7 6
7 4 7 7 0 1
2 7 4 9 0 9 1
3 1 7 3 2 8 4
5 9 2 2 3 4 5
U n d e v e T o p e d
f K W !
3 3 7 0 8 8
5 2 4 9 0 0
8 6 1 9 8 8
5 1 0 7 0
5 1 0 7 0
5 8 7 0 0
5 0 3 3 0 0
5 6 2 0 0 0
2 2 2 0 7 8
1 4 1 3 5 6
2 9 3 5 0 0
4 3 4 8 5 6
8 1 0 2 9 2
1 3 2 1 7 0 0
2 1 3 1 9 9 2
U
W
N
N
0
3
-
5
0
0
T o t a T
M
5 3 8 7 4 3
5 6 4 7 2 0
1 0 3 4 6 3
5 3 4 9 0
5 3 4 9 0
1 1 9 5 7 0
0 7 2 4 8 8
1 9 2 0 5 8
5 2 2 7 6 9
3 2 4 7 8 1
8 5 7 7 7 6
1 8 2 5 5 7
5 5 9 3 8 3
4 9 4 9 8 4
0 5 4 3 3 7
 
 
+ 1 9 5 0 0 0 0 K M f r o m N i a g a r a R i v e r
* 1 8 8 6 8 0 5 K w f r o m N i a r a g a R i v e r
 
 
E x p a n s i o n a t e x i s t i n g d a m s c o q u t a k e p T a c e b y r e t r o f i t t i n g w i t h i m p r o v e d
t u r b i n e s o r i n c r e a s i n g t h e n u m b e r o f g e n e r a t i n g u n i t s . T h e a d d i t i o n o f
g e n e r a t i n g u n i t s a t U . S . f e d e r a T T y - o w n e d f T o o d c o n t r o T d a m s w i T T a l s o
c o n t r i b u t e t o n e t e n e r g y p r o d u c t i o n .
p r o d u c t i o n a r e m o s t n o t a b T e i n t h e S t . M a r y s a n d N i a g a r a R i v e r s .
S i g n i f i c a n t i n c r e a s e s i n e n e r g y
R e a c t i v a t i n g
 
 
 s i t e s
a b a n d o n e d
d u r i n g
t h e
c h e a p
e n e r g y
e r a
( c i r c a 1 9 6 4 ~ 7 2 )
i s
a l s o
a n
i n c r e a s i n g
b a s i n
a c t i v i t y ,
e s p e c i a l l y
i n
t h e
U . S .
( e . g .
E l k
R a p i d s ,
M i c h i g a n ,
F E R C P r o j e c t # 3 0 3 0 r a t e d
a t
. 7 0 0 M W ) .
R e a l i z a t i o n o f
t h i s
a l t e r n a t i v e s h o u l d
b e
e x p e c t e d
i n
t h e
n e a r
t e r m
f o r
t h e
G r e a t
L a k e s
b a s i n ,
b u t
i t s
c o n t r i b u t i o n
t o o f f l o a d i n g
p e a k
n e e d s
w i l l
b e
s m a l l
c o m p a r e d
t o e x i s t i n g
p r o d u c t i o n .
M a j o r
n e w
c o n v e n t i o n a l
d e v e l o p m e n t
w i t h i n
t h e
b a s i n
c a n n o t
b e
e x p e c t e d
t o
p r o v i d e s i g n i f i c a n t i n c r e a s e s i n e n e r g y p r o d u c t i o n .
I n C a n a d a , t h e M i s s i -
s s a u g a ,
P i c ,
a n d
W h i t e
R i v e r s
w i l l
p r o b a b l y
u n d e r g o
n e w
d e v e l o p m e n t ,
w i t h
a n
e x p e c t e d c a p a c i t y o f 5 0 3 M W ( O n t a r i o H y d r o , 1 9 8 0 ) .
T h e f o l l o w i n g r i v e r b a s i n s
i n
t h e
U . S .
a r e
e x p e c t e d
t o
p r o v i d e
a b o u t
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M W
o f
a d d i t i o n a l
h y d r o
d e v e l o p m e n t : B l a c k , O s w e g o , a n d G e n e s e e i n t h e L a k e O n t a r i o b a s i n , t h e A u
S a b l e
i n
t h e
L a k e
H u r o n
b a s i n ,
a n d
t h e
M a n i s t e e
i n
t h e
L a k e
M i c h i g a n
b a s i n
( U . S .
F e d e r a l
E n e r g y
R e g u l a t o r y
C o m m i s s i o n ,
H y d r o e l e c t r i c ,
1 9 8 0 ) .
H y d r o
p o w e r
p r o d u c t i o n
r e s u l t s
i n
a l m o s t
n o
a i r b o r n e
c o n t a m i n a n t s
i n
c o n t r a s t
t o
f o s s i l - f u e l e d s t e a m
e l e c t r i c i t y ,
n o r
i s
i t
f a c e d
w i t h
t h e
w a s t e
d i s p o s a l
p r o b l e m
a t t e n d a n t
u p o n
n u c l e a r
f a c i l i t i e s .
H o w e v e r ,
o t h e r
p o t e n t i a l
e n v i r o n m e n t a l i m p a c t s o f
h y d r o i n c l u d e t h e h a r m f u l e f f e c t s o n
r e s i d e n t b i o t a
i n u n d a t e d b y r e s e r v o i r s , d o w n s t r e a m b i o t i c e f f e c t s c a u s e d b y
d e w a t e r i n g o r
r a p i d f l o w f l u c t u a t i o n s , d o w n s t r e a m e r o s i o n , s e d i m e n t a t i o n w i t h i n t h e
r e s e r v o i r
w h i c h
a l s o
a t t e n u a t e s
t h e
l o n g e v i t y
o f
p o w e r
p r o d u c t i o n ,
l o s s
o f
r e s e r v o i r h a b i t a t t h r o u g h a n o x i c h y p o l i m n i a , r e l e a s e o f
a n o x i c w a t e r , r e l e a s e
o f
w a t e r
t h e r m a l l y
i n c o m p a t i b l e
w i t h
a m b i e n t
c o n d i t i o n s ,
a n d
r e p l a c e m e n t
o f
t e r r e s t r i a l
e n v i r o n m e n t s
w i t h
a q u a t i c
e n v i r o n m e n t s .
A s
a
f o r m
o f
s o l a r
p o w e r ,
t h e
s o u r c e
o f
h y d r o e l e c t r i c i t y
i s
r e n e w a b l e ,
b u t
t h e q u a n t i t y o f a d e q u a t e h y d r o s i t e s i s f i n i t e . T h e r e a r e b u t a f e w
e c o n o m i c a l l y
f e a s i b l e
c o n v e n t i o n a l
h y d r o
s i t e s
r e m a i n i n g
i n
t h e
G r e a t
L a k e s
b a s i n , m o s t l y o n
t h e C a n a d i a n s i d e .
A s
t h e c o s t o f
e n e r g y i n c r e a s e s t h e
d e v e l o p m e n t
o f
t h e s e
s i t e s
c a n
b e
e x p e c t e d .
 
 
S o l a r
I n t h e l o n g t e r m , i t m a y b e p o s s i b l e f o r s o l a r e n e r g y t o p r o v i d e e a c h o f
t h e e n e r g y f o r m s u s e d b y p e o p l e : h e a t , e l e c t r i c i t y a n d f u e l s . I n t h e n e a r
t e r m , h o w e v e r , o n l y c e r t a i n h e a t i n g a p p l i c a t i o n s a r e e c o n o m i c a l l y f e a s i b l e .
T e c h n o l o g i e s f o r t h e d i r e c t u s e o f s o l a r h e a t a r e , i n g e n e r a l , t h e m o s t
n e a r l y e c o n o m i c a l t o d a y . S o m e o f t h e t y p e s - d o m e s t i c s p a c e h e a t i n g , d o m e s t i c
h o t w a t e r h e a t i n g a n d p r o d u c t i o n o f h o t w a t e r o r l o w - p r e s s u r e s t e a m f o r
i n d u s t r i a l a n d a g r i c u l t u r a l p r o c e s s e s - c a n b e v i e w e d a s q u i t e w e l l d e v e l o p e d
a n d a r e t h e m o s t l i k e l y t e c h n o l o g i e s f o r w i d e s p r e a d c o m m e r c i a l i z a t i o n i n t h e
i n t e r m e d i a t e t e r m ( N a t i o n a l A c a d e m y o f S c i e n c e s , E n e r g y , 1 9 7 9 ) .
P a s s i v e s o l a r h e a t i n g a n d c o o l i n g s y s t e m s c o n s i s t o f e n e r g y e f f i c i e n t
b u i l d i n g s d e s i g n e d s o a s t o m i n i m i z e h e a t l o s s e s i n t h e w i n t e r a n d h e a t g a i n s
i n t h e s u m m e r . P a s s i v e s y s t e m s u s e n a t u r a l e n e r g y f l o w s t o t r a n s f e r h e a t i n t o
a n d o u t o f b u i l d i n g s , w i t h o u t r e l y i n g o n t h e f o r c e d c i r c u l a t i o n o f a h e a t i n g
o r c o o l i n g f l u i d . T h e s y s t e m s i n c l u d e l a r g e s o u t h f a c i n g w i n d o w s ; i n s u l a t e d
s h u t t e r s , r e f l e c t o r s , o v e r h a n g s , o t h e r s h a d i n g d e v i c e s a n d t h e s t o r i n g o f
t h e r m a l e n e r g y i n b u i l d i n g f l o o r s , w a l l s a n d / o r c e i l i n g s . S o l a r c o l l e c t o r s ,
s e p a r a t e f r o m t h e b a s i c b u i l d i n g s t r u c t u r e s a n d p o w e r e d s o l e l y b y n a t u r a l
c o n v e c t i o n , p r o v i d e w a r m w a t e r a n d a i r t o t h e s p a c e t o b e h e a t e d . S o l a r
e n e r g y c a n a l s o b e b o t h c o l l e c t e d a n d s t o r e d b y d a r k l y p a i n t e d c o n c r e t e w a l l s
o r w a l l s c o m p o s e d o f b l a c k e n e d , w a t e r - b e a r i n g d r u m s . R o o f p o n d s c a n e m p l o y
w a t e r f i l l e d p l a s t i c b a g s i n s t a l l e d o n c e i l i n g s t o s t o r e t h e r m a l e n e r g y a n d
p r o v i d e s p a c e h e a t i n g a n d c o o l i n g . G r e e n h o u s e s c a n a l s o b e d e s i g n e d t o p e r m i t
e x c e s s c o l l e c t e d h e a t t o p a s s i n t o t h e b u i l d i n g s t o w h i c h t h e y a r e a t t a c h e d
( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
R e s i d e n t i a l , c o m m e r c i a l a n d i n d u s t r i a l u t i l i z a t i o n o f s o l a r t h e r m a l e n e r g y
w i l l h a v e m i n i m a l e n v i r o n m e n t a l i m p a c t . T h e o p e r a t i o n o f t h e t h e s e s y s t e m s
w i l l p r o d u c e n o p o l l u t i o n d i r e c t l y ( K e n d a l l a n d N a d i s , 1 9 8 0 ) . T h e p r i n c i p a l
e n v i r o n m e n t a l e f f e c t s w i l l b e t h o s e a s s o c i a t e d w i t h t h e m a n u f a c t u r e o f s o l a r
e q u i p m e n t . H o w e v e r , i t i s e x p e c t e d t h a t t h r o u g h o u t t h e i r u s e f u l l i f e t i m e ,
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 s o l a r h e a t i n g s y s t e m s s h o u l d b e a b l e t o p r o d u c e a b o u t 2 5 t i m e s m o r e e n e r g y
t h a n w a s c o n s u m e d i n t h e i r p r o d u c t i o n . T h e o p e r a t i o n o f n o n p o l l u t i n g s o l a r
t h e r m a l s y s t e m s c a n l e a d t o a s i g n i f i c a n t n e t r e d u c t i o n i n p o l l u t i o n , e v e n i f
c o n v e n t i o n a l e n e r g y i s u s e d f o r t h e i r m a n u f a c t u r e . F u r t h e r m o r e , o n c e t h e
s y s t e m ' s u s e f u l l i f e h a s t e r m i n a t e d , t h e b a s i c m a t e r i a l s c a n b e r e a d i l y
r e c y c l e d t o p r o d u c e n e w e q u i p m e n t ( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
H i g h t e m p e r a t u r e s o l a r t h e r m a l e n e r g y c a n b e c o n v e r t e d t o e l e c t r i c i t y i n a
p r o c e s s s i m i l a r t o t h a t e m p l o y e d b y c o n v e n t i o n a l p o w e r p l a n t s , e x c e p t f o r t h e
d i f f e r e n c e i n t h e i n i t i a l t h e r m a l e n e r g y s o u r c e . T h i s t y p i c a l a p p r o a c h u s e s a
l a r g e f i e l d o f s t e e r a b l e m i r r o r s b u i l t t o f o l l o w t h e s u n a n d c o n c e n t r a t e h e a t
i n t o a b o i l e r a t o p a t o w e r . T h e a b s o r b e d s o l a r e n e r g y i s u s e d t o p r o d u c e
s t e a m , w h i c h i n t u r n i s u s e d t o g e n e r a t e e l e c t r i c i t y i n a c o n v e n t i o n a l t u r b i n e
g e n e r a t o r . A 1 0 0 M W e f a c i l i t y w o u l d c o v e r m o r e t h a n 2 . 6 x 1 0 6 m 2 ( K e n d a l l
a n d N a d i s , 1 9 8 0 ) .
P h o t o v o l t a i c c e l l s a r e s e m i c o n d u c t o r d e v i c e s t h a t g e n e r a t e s m a l l e l e c t r i c
c u r r e n t s w h e n e x p o s e d t o l i g h t . P o w e r c a n b e p r o d u c e d b y u s i n g t h e c e l l s
t o g e t h e r i n a r r a y s , e i t h e r e x p o s e d d i r e c t l y t o t h e s u n o r e q u i p p e d w i t h
c o n c e n t r a t i n g m i r r o r s o r l e n s e s t h a t t r a c k t h e s u n . P h o t o v o l t a i c s y s t e m s m a y
b e u s e d i n a n y s i z e , f r o m s i n g l e h o u s e h o l d s t o l a r g e c e n t r a l g e n e r a t i n g
s t a t i o n s . T h i s m e t h o d i s m u c h t o o e x p e n s i v e a t p r e s e n t t o c o m p e t e w i t h
c o n v e n t i o n a l m e a n s t o p r o d u c e e l e c t r i c i t y ( N a t i o n a l A c a d e m y o f S c i e n c e s ,
E n e r g y , 1 9 7 9 ) .
T h e m o s t s i g n i f i c a n t e n v i r o n m e n t a l i m p a c t s o f t h e s e m e t h o d s o f e l e c t r i c
p o w e r g e n e r a t i o n w o u l d b e t h e i r l a n d a n d m a t e r i a l r e q u i r e m e n t s . I f l o c a t e d
o p t i m a l l y ( e . g . i n t h e s o u t h w e s t e r n U . S . d e s e r t ) t h i s t y p e o f p l a n t w o u l d t a k e
u p a b o u t a s m u c h l a n d a s t h a t u s e d d u r i n g t h e e n t i r e e x p e c t e d l i f e o f a n
e q u i v a l e n t c o a l p l a n t ( i n c l u d i n g m i n i n g ) a n d a n o r d e r o f m a g n i t u d e g r e a t e r
t h a n t h a t f o r t h e e q u i v a l e n t n u c l e a r p l a n t . L a n d u s e i m p a c t s w o u l d b e l e s s
s e v e r e f o r s m a l l s c a l e s y s t e m s w h i c h u s u a l l y c a n b e d i r e c t l y i n c o r p o r a t e d i n t o
b u i l d i n g s a n d o t h e r s t r u c t u r e s . L a r g e s c a l e s o l a r t h e r m a l p l a n t s c o u l d a f f e c t
t h e l o c a l t h e r m a l e n e r g y b u d g e t b y i n c r e a s i n g t h e p r o p o r t i o n o f s o l a r
r a d i a t i o n a b s o r b e d t o t h a t r e f l e c t e d o n t h e e a r t h ' s s u r f a c e . T h i s h o w e v e r
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 w o u l d b e s m a l l i n c o m p a r i s o n t o t h e e f f e c t o f c o n v e n t i o n a l f o s s i l f u e l a n d
n u c l e a r p l a n t s . L i k e c o n v e n t i o n a l p o w e r p l a n t s , t h i s m e t h o d c o n s u m e s l a r g e
q u a n t i t i e s o f w a t e r . A l t h o u g h s o m e p o l l u t i o n w o u l d b e p r o d u c e d i n t h e
m a n u f a c t u r e o f t h e s o l a r p l a n t e q u i p m e n t , t h e a m o u n t e m i t t e d w o u l d b e l e s s b y
a f a c t o r o f t e n o r m o r e t h a n t h a t r e s u l t i n g f r o m t h e o p e r a t i o n o f c o m p a r a b l e
c o n v e n t i o n a l p l a n t s ( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
W i n d
 
O v e r t h e l a s t c e n t u r y , a p p r o x i m a t e l y s i x m i l l i o n s m a l l w i n d m i l l s h a v e
o p e r a t e d i n t h e U . S . o f w h i c h r o u g h l y 1 5 0 , 0 0 0 a r e s t i l l i n o p e r a t i o n . T h e
s i m p l i c i t y o f w i n d t e c h n o l o g y w i l l a l l o w f o r r a p i d d e p l o y m e n t i n c o m p a r i s o n t o
m a n y o t h e r e n e r g y t e c h n o l o g i e s . T h e e c o n o m i c p r o s p e c t s o f w i n d s y s t e m s a r e
q u i t e p r o m i s i n g . I n m a n y a r e a s , t h e d e n s i t y o f w i n d p o w e r e x c e e d s t h a t o f t h e
i n c i d e n t s o l a r f l u x . W i n d e n e r g y c a n a l s o b e c o n v e r t e d t o e l e c t r i c i t y w i t h
g r e a t e r e f f i c i e n c y t h a n c a n s u n l i g h t . T h e m e a n a n n u a l w i n d p o w e r f o r t h e
G r e a t L a k e s b a s i n v a r i e s f r o m 2 0 0 t o 3 0 0 w a t t s / s q u a r e m e t r e a n d i s , t h e r e f o r e ,
s u i t a b l e f o r w i n d g e n e r a t i o n f a c i l i t i e s ( K e n d a l l a n d N a d i s , 1 9 8 0 ) .
A w i n d t u r b i n e c o u l d p r o d u c e a s m u c h e n e r g y a s w a s c o n s u m e d i n i t s
p r o d u c t i o n w i t h i n e i g h t m o n t h s o r l e s s . W i n d i s c o n s i d e r e d t o b e p e r h a p s t h e
m o s t e c o l o g i c a l l y b e n i g n s o u r c e o f e l e c t r i c p o w e r . A d v a n t a g e s a r e t h a t n o
w a t e r i s r e q u i r e d a n d n o a i r o r t h e r m a l p o l l u t i o n i s p r o d u c e d . W e a t h e r
m o d i f i c a t i o n e f f e c t s a r e e x p e c t e d t o b e n e g l i g i b l e . W i n d t u r b i n e s w i l l
g e n e r a l l y b e r e m o t e l y s i t e d , m i t i g a t i n g t h e p o s s i b i l i t y o f n o i s e p o l l u t i o n o r
v i s u a l o f f e n s e . T h e l a n d u s e i m p a c t s h o u l d n o t b e s e v e r e b e c a u s e t h e s i t i n g
o f w i n d t u r b i n e w i l l n o t p r e c l u d e t h e p o s s i b i l i t y o f o t h e r u s e s o f l a n d s u c h
a s a g r i c u l t u r e . T h e h a z a r d s p o s e d t o m i g r a t i n g b i r d s s h o u l d b e
i n c o n s e q u e n t i a l c o m p a r e d t o o t h e r s o u r c e s o f b i r d m o r t a l i t y ( K e n d a l l a n d
N a d i s , 1 9 8 0 ) .
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T h i r d , f o r a g i v e n e s t i m a t e d l e v e l a n d s p a t i a l p a t t e r n o f a c t i v i t i e s ,
a l t e r n a t i v e t r a n s p o r t a t i o n s y s t e m s a r e p o s s i b l e . G o v e r n m e n t a l p o l i c i e s , f u e l
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e q u i p m e n t . T h e l a s t c a t e g o r y o f f a c t o r s i s e x e m p l i f i e d b y l o w i n t e r e s t r a t e
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c
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a d
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l d
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e d
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i c
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o m
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o f
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s c
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i p
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